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Indoxyl has been synthesised by flash vacuum pyrolysis (FVP) at 650 °C of o-
azidoacetophenone. At lower pyrolysis temperatures, 3 -methylbenz[c] isoxazole was 
generated. Neighbouring group participation had only a minor effect on the generation of 
the intermediate nitrene, and electron donating groups para to the azide group had little 
or no effect onthe cyclisation reactions. 
The reactivity of indoxyl was investigated. For example, an N-substituted product was 
formed on treatment of indoxyl with methoxymethylene Meidrum's acid. FVP of this 
material gave 1 -hydroxy- 3 a-aza-cyclopenta[a] indene- 8 -one which was shown to exist 
exclusively as the 1 -hydroxy tautomer. On the other hand, reaction of indoxyl with N, N-
dimethylformamide diethyl acetal followed by Meidrum's acid gave a 2-substituted 
product which gave 5H-pyrano[3,2-b]indol-2-one upon FVP at 650 °C. Reaction of 
indoxyl with DMAD similarly took. place at the 2-position. 
Treatment of 3-acetyl-2-chloropyridine with sodium azide gave 4-acetyltetrazolo[1,5-
apyridine. This underwent FVP to produce 3-methylisoxazolo[3,4-b]pyridine at 400 °C 
whereas pyrolysis at 680 °C allowed the 'heteroindoxyl' 1 ,2-dihydropyrrolo[2,3-
b]pyridin-3-one to be isolated for the first time. Many of the reactions carried out on 
indoxyl could be successfully transferred to this new heteroindoxyl, although the basic 
nitrogen atom of the pyridine ring produced complications in some examples. 
FVP of 2-acetyl-3-azidothiophene at 350 °C gave 3-methylthieno[3,2-c]isoxazole and the 
new heteroindoxyl 4,5-dihydrothieno[3,2-b]pyrrol-6-one at 550 °C by a similar 
mechanism to those described above. The reactivity of this compound proved to be 
broadly similar to that of indoxyl. 
2-Acetyl-3-azidobenzo[b]thiophene was synthesised by diazotisation of 2-acetyl-3-
aminobenzo[b]thiophene followed by reaction with sodium azide in phosphoric acid. The 
azido-compound underwent FVP at 300 °C to yield 3-methylbenzo[b]thieno[3,2-
c]isoxazole. FVP at higher temperatures (600 °C) formed the new heteroindoxyl 1,2-
dihydrobenzo[4,5]thieno[3,2-b]pyrrOl-3-one. In this case, the product was obtained in 
poor yields and low purity; only NMR studies could be carried out. 
In the quinoline series, 4-acetyltetrazolo[1,5-a]quinoline underwent FVP to produce 2-
(cyanophenyl)-acetonitrile as the main product; no heteroindoxyl could be obtained by 
this method. Similarly, 3-acetyl-4-azidoquinoline gave 3-methylisoxazolo[4,3-
c]quinoline by FVP, though again none of the desired heteroindoxyl was produced at 
higher temperatures. 
ortho- Substituted heteroaromatic amines and their benzenoid analogues were reacted 
with methoxymethylene Meidrum's acid to give their N-methylene Meldrum's acid 
derivatives. Under FVP conditions, cyclisation to fused pyridine systems generally took 
place. Depending on the ring system involved, the ortho-substituent underwent migration 
to another site of the product, or was eliminated. FVP of the Meidrum's derivative of 2-
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1. 1. 	Preamble 
Indigo 1 is a highly coloured compound which has been used by mankind as a 
dyestuff since ancient times. Traditionally the dye has been extracted from plants,' but 
many synthetic pathways have been developed to produce indigo 1, although most go 
via the facile oxidative dimerisation of the monomer indoxyl 2 (Scheme 1). The term 
indigo 1 refers to the dyestuff which contains trace amounts of indirubin 3, formed by 
the oxidation of indoxyl 1 to isatin 4 which then condenses with indoxyl 1 (Scheme 
2), whilst the chemically pure form of indigo 1 is referred to as indigotin 1. As many 
of the historical syntheses of indigo 1 rely on air oxidation of indoxyl 2 it is often 





OIr;II=o lndoxyl2 NH 
Scheme 2 
Many derivatives of indoxyl 2 and indigo 1 are known, such as those with extra 
functional groups around the benzene ring, those with substituents attached at the 
N(1)-position and replacing the nitrogen atom with other heteroatoms (such as 
oxygen, sulfur or selenium). However, few examples of 'heteroindigotins'2' i" (where 
the benzene ring is replaced by other heteroaromatic systems) are known in the 
literature, and despite proceeding via the related 'heteroindoxyls', none of these 
appear to have been isolated. 
The aim of this project is to synthesise new 'heteroindoxyls' and study and compare 
and contrast their chemistries. 
PJ 
The aim of this introduction is to survey the known literature on the syntheses of 
indigo 1 and indoxyl 2, the chemistry of indoxyl 2 and survey the existing work on 
'heteroindigotins'. 
1. L' 1. 	Tautomerism of Indoxyl and Convention Applied for Drawing 
Indoxyl 
Indoxyl 2 can exist as either the keto 2a or enol 2b tautomers (Scheme 3). 'H NMR 
studies have shown that in the non-polar solvent chloroform, indoxyl 2 exists entirely 
and indefinitely as the keto tautomer. 5  After 24 hours in the highly polar solvent 
DMSO, the spectrum showed the enol tautomer (> 90%) to be present. The IR 
spectrum of indoxyl 2 in a Nujol mull shows the presence of a carbonyl absorption at 
1685 cm', but no OH absorption. 
The convention has been adopted to draw indoxyl 2 and related 'heteroindoxyls' in 
the keto 2a form throughout this report unless explanation requires the enol tautomer 
2b to be used. 
cc 
_OH 




1.2 	Syntheses of Indigo and Indoxyl 
1.2.1. 	Historical Syntheses and Characterisation of Indigo 
As previously stated, indigo 1 has been used by mankind as a dyestuff for thousands 
of years. The main plants for its extraction included true indigo (indigofera tinctoria 
L), and dyer's woad (isatis tinctoria L).6  For financial incentives, and to produce 
chemically pure indigotin 1, the latter part of the 19th century saw much work carried 
out towards the chemical synthesis. The first such synthesis was carried out by 
Emmerling and Engler in 1870, who produced indigo 1 in low yields by heating o-
nitroacetophenone 5 with zinc dust and soda lime. 7  (Scheme 4). This reaction 
proceeds via base induced ring closure to produce the N-oxide intermediate 6, which 










Later that year Baeyer and Emmerling prepared indigo 1 by treatment of isatin 4 with 
phosphorus trichloride, acetyl chloride and phosphorus (Scheme 
5)8 The required 
reduction of the carbonyl group at the 2-position took place using phosphorus and 
phosphorus trichloride alone, but the addition of acetyl chloride improved the 
reaction. Acetyl chloride has been shown to react with isatin 4 in the presence of base 
to yield i-acetylindole-2,3-dione 7 (Scheme 6), which presumably activates the 
required carbonyl towards reduction. 
PCI3, P 






C6H 5CH2COOC2H 5 
0 
C6H 5CH2COOC 2H5 
C 
0' 8 C 6 H5 
It was in the years following this discovery that Baeyer first deduced the structure of 
indigo 1,10 although it was not until 1907 that the subject of cis and trans forms 
became open to debate." Due to the colour and inertness of indigo 1, it was suggested 
that indigo 1 adopts the trans structure. Further studies by Posner and Kemper showed 
that the product of the reaction of indigo 1 with two equivalents of ethyl phenylacetate 
could be best explained by indigo 1 existing in the trans rather than cis form (Scheme 
7). 12  As the reaction proceeds to product 8, in which the double bond between the two 
indoxyl monomeric units has not been disrupted, the product can only be formed if 
the amine and carbonyl are cis to each other across the central double bond. This was 




1.2.2. 	Syntheses of Indigo not via Indoxyl 
Some syntheses of indigo 1 have been devised that do not proceed through indoxyl 2. 
Ethyl dianilinomaleate 9 (prepared by the reaction of aniline 10 and diethyl 2,3-
dibromobut-2-enediOate 11) when fused with potassium hydroxide deprotonates the 
amine, which then undergoes ring closure to produce indigo 1 (Scheme 
5 
8).' 
(:L BrROOCCOORNH 2 	Br 
10 	 11 





30 O—N N-0 
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-------- V.- 
O—N — N ao 
ROOC COOR 
Scheme 8 
Indigo 1 has also prepared by reaction of onitrophenylacetylefle 12 with potassium 
ferricyanide to yield the diacétylenic species 13. This was then reacted with sulfuric 
acid and reduced with ammonium sulfide to yield indigo i. After potassium 
ferricyanide creates the acetylenic radical which promptly dimerises, attack by 
hydrogen sulfate anion causes ring closure to produce the intermediate 14, which then 
can lose, sulfite to produce 15. Reduction by ammonium sulfide followed by air 
oxidation then yields indigo 1 (Scheme 9). Whilst the use of sulfide as a reducing 
agent is not so common now as in the early part of the 201h century, sodium sulfide 




























1.2.3. 	Syntheses of Indoxyl 
However, the majority of known syntheses of indigo 1 occur through the formation 
and subsequent oxidation of indoxyl 2. Historically syntheses of indoxyl 2 have been 
used to produce indigo 1 with the indoxyl 2 an unisolated intermediate, although more 
recently indoxyl 2 has been prepared by routes that allow its isolation and study. As 
previously stated, indigo 1 was first synthesised via an indoxyl 2 intermediate in 
1870, but it wasn't until 1901 that the first isolation of indoxyl 2 was reported by 
Vorländer and Drescher,' 8  with the same workers giving a more detailed report of the 
properties of indoxyl 2 the following year. 19  It is not always clear from the early 
reports whether isolation of indoxyl 2 is possible, as the target was always the 
commercially valuable indigo 1. 
The oxidafion of indoxyl 2 to produce indigo 1 occurs easily, due to the indoxyl 
radical being a classic example of a captodative system. 20 After oxygen has abstracted 
7 
one of the hydrogen atoms at the C(2)-position, the presence of the electron 
withdrawing carbonyl and electron donating amine allow many delocalised 
configurations of the produced radical, thus producing great stability of the 
intermediate (Scheme 10). From this intermediate radical dimerisation with a second 
indoxyl molecule to produce 'leuco-indigo' 16, followed by further abstraction of 
















N 	 H C ;:0 
10 	 0 
Scheme 11 
The known syntheses of indoxyl 2 can be split into six main types depending on the 
final step required, as shown in Scheme 12. The final step can be the creation of the 
8 
N-C(2) bond, formation of the C(3)-C(3a) bond, breaking of an O-R bond, oxidation 













\- LL 0 
H 
Scheme 12 
Whilst most pathways that form indoxyl 2 by creation of N-C(2) bond as the final step 
have been done over recent times, one such synthesis was carried out in the early part 
of the 201h century. Indoxyl 2 was formed by ring closure of 1-(2-aminophenyl)-2-
hydroxyethanone 17 in the presence of pyridine and oxalacetic anhydride (Scheme 
3)21 which presumably acts as a condensation agent. 
9 
0 	 0 
OH Pyridine 
17 	 2 H 
0 
Scheme 13 
2Bromo1(2nitrOPheflYl)-et11afl0fle 18 has similarly been shown to undergo 
reduction to the related amine 19 followed by ring closure to indoxyl 2 and is oxidised 
to indigotin 1 (Scheme 14) .22 Similar ring closure reactions for halogenated o-






18 NO 2 	
19 
Scheme 14 
Much work has been done on the creation of the N-C(2) bond using nitrene chemistry. 
Whilst thermal decomposition of o-azidoaryl ketones 20 in the solution phase is an 
established route to generate 2,1-benzisoxazOles 21 (Scheme 
15),24 under basic 
conditions (specifically ethanolic potassium hydroxide at room temperature), o-
azidoacetophenone 22 yields indoxyl 2 presumably via a nitrene generated by loss of 
nitrogen from the azide functionality, 
25 and simple substituents have been attached at 
the methyl group to yield the relevant indoxyls substituted at the 2-position (Scheme 
16). The base induced formation of indoxyl 2 from o-azidoacetophenofle 22 has been 
shown not to proceed via an isoxazole intermediate, as after treatment of 2,1
- 
benzisoxazole with ethanolic potassium hydroxide the isoxazole could be recovered 





















Recently the conversion of 3methylbenz[c]isoXaZOle 23 into indoxyl 2 has been 
carried out in the gas phase , 26  using the technique of flash vacuum pyrolysis (FVP). 
The indoxyl 2 was recovered cleanly in a yield of 86%, and only very small amounts 
of indigo 1 were observed by mass spectrometry. The reaction is likely to proceed via 
ring opening of 23 to form a nitrene, which then inserts in the into C-H bond of the 





Work has also been carried out on the formation of 3-methylbenz[c]iSOXazole 23 from 
o-azidoacetophenone 22, 25  by the technique of spray vacuum pyrolysis (S VP). 27 The 
mechanism of transformation of aryl azides containing an ortho substituted double 
bonded species (commonly nitro, carbonyl or arylazo) into benzisoxazoles and related 
analogues has been previously debated, with two main mechanisms suggested. The 
first, proposed by Dyall and Kemp involves single stage cyclization followed by 
nitrogen extrusion (Scheme 18) . 28 The second, proposed by Hall, Behr and Reed uses 
the 1,3-dipolar properties of the azido group leading to the slow formation of an 
adduct, followed by fast elimination of nitrogen (Scheme 19).28 
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Scheme 18 













This work also yielded indoxyl 2 directly from o-azidoacetophenofle 22 by increasing 
the temperature of pyrolysis. 25  However, the product recovered from this was an 
impure yellow solid, which after purification gave indigo 1 in a yield of ca 20%. The 
use of SVP for these pyrolyses proves to be inferior to the use of FVP, as can be seen 
by the pyrolysis of 3-methylbenz[c]iSOXazole 23 by SVP yielding indigo 1 in a yield 
of 20% along with much tar, 25 whilst under FVP conditions this cleanly yielded 
indoxyl 2 in a yield of 86%.26 
Formation of the C(3)-C(3a) bond has been shown to occur as the final step for 
indoxyl 2 formation, by alkaline fusion of phenylglycine 24 using a mixture of 
potassium or sodium hydroxide at 260 °C (Scheme 20) .29 This was the first synthesis 
of indigo 1 of any commercial significance,' although the intermediate indoxyl 2 was 
never isolated, with the reaction proceeding by deprotonation of the amine, as seen 
previously for the formation of indigo 1 from ethyl dianilinomaleate 9 (Scheme 8). 
12 
Much work has been carried out to improve this synthesis, with the addition of 
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Scheme 20 
The ring closure of phenylglycine 24 has been more recently carried out to yield 
indoxyl 2 by reaction with the phosphonium anhydride triflate salt, (Ph 3P)20, 20Tf 
(prepared by reaction of triphenylphosphine oxide and triflic anhydride). 3° This 
reaction required several hours to go to completion under neutral conditions, but in 
the presence of triethylamine at 25 °C a 92% yield was reported after two minutes 
reaction, which along with a relatively short and simple work up procedure makes this 
one of the best syntheses of indoxyl 2 reported. 
Two of the most recent syntheses of indoxyl 2 have involved breaking of an O-R 
bond in the final step. The acidic hydrolysis of 3-methoxy-]H-indOle 25 has led to the 
formation of indoxyl 2 (Scheme 21) . 31 Similarly, hydrolysis of 3t rimethylSilaflylOXy-
1H-indole 26 in 80% [ 2H] 6-DMS0 20% D 20 with a trace of DCI led to the formation 
of O-deuteriated indoxyl 2c (Scheme 22) .32 However, for both of these syntheses 
there is no evidence that they were carried out on larger scales than that required to 
produce sufficient material for 1 H NMR studies. 
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Scheme 22 
Generation of the carbonyl group by oxidation is the final stage in production of 
indoxyl 2 by hydrogen peroxide oxidation of 2,3-dihydroiH-indol-3-Ol 27 (Scheme 
23). 33 
OH 	 0 
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Scheme 23 
Indoxyl 2 can also be formed by the hydroxylation of indole 28, which can be 
performed by different oxygenases that contain either protein-bound iron or 
cytochrome, which can activate molecular oxygen. 
34,35 Recent work has seen the 
hydroxylation performed by HbpAId, 36  although this also produces oxindole 29 and 
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Scheme 24 
The reduction of an indoxyl analogue of higher oxidation level is the final step in the 
earlier discussed synthesis of indigo 1 by the heating of o-nitroacetophenone 5 with 
zinc dust and soda lime (Scheme 4), which proceeds via indoxyl 2. 
The final set of syntheses of indoxyl 2 involve the cleavage of groups attached at the 
C(2)-position to the indoxyl moiety. A widely used approach involves the loss of 
carboxylic acids or ester groups from the C(2)-position of substituted indoxyls by 
heating in alkaline solution to yield indoxyl 2 (Scheme 25). 
R = COOH, COOC2 H 5 







The synthesis of the 2-carboxylic acid derivatives proceeds via many routes. 
Anthranilic acid 31 has been shown to react with chloroacetic acid to yield o-
carboxyphenylglycifle 32, which ring closes in the presence of sodium hydroxide and 
potassium hydroxide to yield indoxyl-2-carboxylic acid 33, and can then lose carbon 
dioxide in alkaline solution to produce indoxyl 2 (Scheme 26) . 29  Indoxyl-2-carboxylic 
acid 33 can also be produced from o-nitrocinnamic acid 34, which is converted by 
15 
addition of bromine and elimination of hydrogen bromide into o-nitrophenylpropiolic 
acid 35. Attack by hydrogen sulfate then causes ring closure through to an N-oxide 
intermediate 36 (similar to that seen in Scheme 9), which is reduced to form indoxyl-
2-carboxylic acid 33 by heating in alkaline solution (Scheme 26). 
COOHCCIHCOOH (aCOOH 
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Similarily, alkaline hydrolysis of the ethyl ester 37 can lead to indoxyl 2. 
31, 39  Ethyl o-
nitrophenylpropiolate 38 can be ring closed by sulfuric acid followed by reduction 
with ammonium sulfide to afford the desired ester 
.38 Likewise, 2phenylarninOmalOnic 
acid diethylester 39 can undergo cyclisation to produce the ester 37 on heating to 200- 
260 °C (Scheme 27). 39 
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2-Phenylimino-1 ,2-dihydro-indol-3-One 40 can be reduced by action of ammonium 
sulfide (Scheme 28).' When carried out in warm solution this yields only indigo 1, 
although when carried out in cold solution the product is primarily indoxyl 2. 
0 0 
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Scheme 28 
The formation of indigo 1 by reaction of isatin 4 with phosphorus and phosphorus 
trichioride discussed earlier proceeds via indoxyl 2, which is generated by the loss of 
functionality at the C(2)-position (Scheme 
5)•8 
1.3 	Reactions of Indoxyl 
1.3.1. 	General Properties of Indoxyl 
Indoxyl 2 gives rise to a variety of different reaction types due to its unique structure, 
which consists of a pyrrol-3-one ring fused onto a benzene ring. The pyrrol-3-one ring 
has three different reactive sites - a secondary aromatic amine, an active methylene 
group and a ketone carbonyl, which all give rise to differing chemistry. These three 
sites have different relative hardnesses, with the carbonyl being the hardest and the 
C(2)-position being the softest. Thus by HSAB theory, it would be expected that the 
17 
carbonyl position would be most reactive towards hard reagents, whereas the C(2)-
position would favour soft reagents, and the amine to be of intermediate reactivity. 
When carrying out work on indoxyl 2 however, the ease of air oxidation to produce 
indigo 1 can be problematic. indeed, a recent review into advances in indoxyl 
chemistry showed that little recent work on unsubstituted indoxyl 2 has been carried 
out, with derivatives such as 1-acetylindoxyl 41 or 1-phenylsulfonylindoxyl 42 being 
used preferentially (and that these derivatives tend not to be prepared from indoxyl 2 
itself).4°  These groups then lose their protecting group in the later stages of synthesis 
to yield the desired indoxyl 2 derived product. 
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1.3.2. 	Oxidative Dimerisation of Indoxyl 
As previously stated, the key reaction for this project is the oxidation of indoxyl 2 to 
produce indigo 1 (Scheme 1). Although this conversion is known to occur by air 
oxidation alone,' conditions need to be discovered which can lead to the quantitative 
production of indigo 1. These conditions can then hopefully be transferred to 
synthesise 'heteroindigotins' from the relevant 'heteroindoxyls', which may be less 
reactive to air oxidation. The ease of oxidation is known to be more pronounced in 
alkaline solution, or by using oxidising agents such as ferric chloride or potassium 
ferricyanide.' On the other hand due to the ease of oxidation of indoxyl 2, other 
reactions must be carried out soon after generation to prevent formation of large 
amounts of indigo 1. Much work is known on the reactions of indoxyl 2 and is 
summarised as follows. 
1.3.3. 	Alkylation and Acylation of Indoxyl 
Much work in this field has been carried out by Etienne, 41 ' 42  who devised routes to 
many multisubstituted methyl and acyl indoxyl derivatives (Scheme 29). By varying 
the methylating agent from methyl iodide to dimethyl sulfate, alkylation can be 
18 
changed from dimethylation at the C(2)-position to produce 2,2-dimethyl- ,2-
dihydro-indol-3-one 43 to monomethylation at the 0-position to produce 3-methoxy-
IH-indole 25. It also was discovered that both of these methylation reactions could be 
carried out on 1-acetylindoxyl 41, to produce 1-acetyl-2,2-dimethyl-1,2-dihYdrO-
indol-3 -one 44 and 1 -(3 -methoxyindol- 1 -yl)-ethanone 45. 
Similarly, the methylated products 25 and 43 can be acetylated at the N-position by 
reaction with acetic anhydride to produce 45 and 44. Acylation of indoxyl 2 was first 
carried out by Vorländer and Drescher,' 9  although Etienne, later improved this 
procedure and provided more details of the syntheses . 4 ' By varying the acylation 
conditions of indoxyl, monoacylation at the 0-position 46, or diacylation at both N-
and 0-positions 47 may proceed. 1-Acetylindoxyl 41 can be synthesised from 3-
acetoxy-1-acetyl-1H-indole 47 by reaction with sodium sulfite, or directly from 
indoxyl 2 without isolating 47. Despite the intermediate hardness of the N-position, 
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Scheme 29 
A recent use of acylation of indoxyl 2 in synthesis is the production of chromogenic 
substrates, which can be used to study the antibody-catalyzed hydrolysis of carbonate 
groups. 43 4-Benzyloxybutyric anhydride 49 undergoes condensation under basic 
conditions with indoxyl 2 to produce 4-benzyloxybutyriC acid IH-indol-3-yl ester 50, 
which can undergo hydrogenolysis with palladium on carbon (ethyl acetate), and the 
resulting alcohol condensed with p-nitrophenyl chioroformate to yield 4-(4-nitro-
phenoxycarbonylOXY)bUtyriC acid IH-indol-3-yl ester 51 (Scheme 30). Antibody-
catalyzed hydrolysis of 51 can then be detected, as this leads to the formation of p -
nitrophenol and indolylbutyric acid 52. Indolylbutyric acid 52 then undergoes rapid 
intramolecular cyclization to yield butyrolactone and indoxyl 2. The indoxyl 2 
20 
undergoes oxidative dimerization to indigo 1, which due to its insolubility in aqueous 
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Scheme 31 
1.3.4. 	Other Reactions at the C(2)-position of Indoxyt 
Aside from the aforementioned oxidation to produce indigo 1, many reactions are 
known to proceed at the reactive C(2) site. Nitrosation, by reacting indoxyl 2 with 
sodium nitrite in a mixture of acetic acid and water leads to the formation of IH-
indole-2,3-diofle-2-OXime 53•41 As with alkylation at the C(2)-position, this reaction 
also proceeds for 1-acetylindoxyl 41 to yield 
54. This compound can then be deacylated by acetone and hydrochloric acid to 
produce 53, or deacylated and oximated at the 3-position by hydroxylamine 
chiorohydrate and sodium acetate to produce 1 -acetyl- 1 H-indole-2,3 -dione dioxime 
55 (Scheme 32). Also possible is the condensation of indoxyl 2 with aromatic nitroso 
compounds to form isatin-2-anils, such as the reaction of indoxyl 2 with 
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Scheme 33 
Another general reaction is the condensation of indoxyl 2 with ketones or aldehydes 
to produce indogenines 57,10 by action of acid or heat (Scheme 34). Various carbonyl 
derivatives such as pyruvic acid and acenaphthenequinOfle have been shown to react 
this way with indoxyl 2. 
0 	 0 
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Scheme 34 
Recent work has seen glyoxal react with indoxyl 2 to produce 2,2'-ethanediylidene-
bis-indolin-3-one 58,whose structure can be compared with that of indigo 1 
(Scheme 35). Extension of the conjugation of the ethylenic linkage causes a 
hypsochromatic shift from 619 nm for indigotin 1,46 to 593 nm for 58 (both measured 
in DMSO).45  This is unexpected as typically extending the length of conjugation 
between units for such examples produces a bathochromatic shift as shown in Table 1 
23 
for the typical cyanine dye shown. 47 The unexpected hypsochromatic shift can be 
explained by the lower ability of 58 to undergo hydrogen bonding compared with 
indoxyl 2. Compound 58 has been established to adopt a Z-Z form by comparative 'H 
NMR spectral studies with that of NN-diethyl-a, 13-bis(3 -oxo-indolinyliden-2)-ethane 
59,45 whose X-ray crystal structure shows it to exist in the E-E form. Thus for 58, 
assuming C-C bond angles of 120° and plausible bond lengths, the distance between 
the carbonyl and nearest hydrogen atom available for hydrogen bonding becomes 4.8 
A, almost double that observed for indoxyl 2 .48  Removal of the hydrogen bonding 
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An important condensation reaction of indoxyl 2 is with isatin 4 to produce indirubin 
3 (Scheme 36) . 38 Indigo dyes from natural sources often contain a small percentage of 
indirubin 3 which has a ), max(methanol) of 539 nm, 49  although the advent of synthetic 
indigotin 1 has removed this impurity from the dyestuff. Indirubin 3 has been shown 
to be the active constituent in a traditional Chinese antileukemia remedy, 5°  and recent 
Table 1: Effect of extension of conjugate linkage on wavelength for solutions of 
24 
work has investigated the effect of extra substituents at the 6 1- and 3-positions on the 
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Scheme 36 
Condensation reactions such as these can be used to produce new cyclised products. 
6 , 12Dioxo indolo[1,2-b]isoquinoline 60 has been generated by reaction of indoxyl 2 
with 2-formylbenzoic acid 61 under basic conditions, 52 which proceeds via an 
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Scheme 37 
Indoxyl 2 has also been shown to react with 4,4dibromo3phenyl4H-i5OXaZ0t5 -one 
62 to yield 2-.[5-oxo-3 -phenyl-isoxazol-(4Z)-Yl idene]- I ,2-dihydro-indol-3 -one 63 by 
53 
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Reaction of indoxyl 2 with 2-chloroisatin 64 has proceeded to yield indigo 1 via loss 
of hydrogen chloride followed by rearrangement (Scheme 
39)•54 
25 
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Scheme 39 
Diazo-coupling reactions between indoxyl 2 and various substituted anilines have also 
been shown to proceed (Scheme 40). 
 44 
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Scheme 40 
1.3.5. 	Other Reactions of Indoxyl 
Due to the presence of the carbonyl functional group, catalytic reduction at high 
pressure is possible to yield 2,3-dihydro-1H-indol-3-Ol over nickel, nickel-
copper or copper chromite catalysts. The carbonyl group can also be fully reduced to 
produce 2,3-dihydro-1H-indole 66 by hydrogenation using a nickel-copper catalyst. 56 
Indoxyl 2 can be hydrogenated using a Raney-nickel catalyst to produce indole 67 













l.A. 	Syntheses and Studies Previously carried out on 'Heteroindigotins' 
1. 4. 1. 	Syntheses of 'Heteroindigotins' 
Only four examples of 'heteroindigotins' appear to have been previously 
synthesized. 2 ' 3 ' 4  These are the four possible isomers that can be formed with the 
benzene ring replaced by a pyridine ring 68-71. Although all these syntheses proceed 
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The first of these syntheses produced 68. 3Aminopyridine2-CarbOXyliC acid 76 was 
reacted with chloroacetic acid to yield the carboxymethyl derivative 77. This was then 
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The next of these syntheses generated 71 .2  The precursor 2-amino-3- 
diazoacetylpyridine 78 was generated from 2-aminonicotinoyl chloride 7958 When 
the diazo compound 78 was heated with sulfuric acid it proceeded via the carbene 
intermediate 80 to yield 71. Under basic conditions 78 undergoes an Arndt-Eistert 
reaction to product 81, before ring closing to form 7-pyroxindole 82 (Scheme 43)•58 
Whilst carbenes such as 80 would be expected to undergo a Wolff-Rearrangement 
before ring closure, when an adjacent amine group is present ring closure without this 
rearrangement is known to occur under certain conditions. 59 
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Scheme 43 
The remaining two 'heteroindigotins' 69 and 70 were synthesised by a similar 
methodology to that for 68. Reaction of 4-aminonicotinic acid 83 and 3-
aminoisonicotinic acid 84 with chioroacetic acid failed to give the desired 
carboxymethyl products, but instead alkylation at the pyridine-N took place to yield 
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Scheme 45 
Instead, the dimeric products 87 and 88 were synthesised by condensation of oxo-
acetic acid ethyl ester with the relevant carboxylic acid 83 or 84. The crude reaction 
mixtures were then hydrogenated on a Pd/C catalyst to yield the compounds 89 and 
90 (Schemes 46 and 47). These products were then heated with potassium hydroxide 
to 300 °C to yield the 'heteroindigotins' 69 and 70. Presumably the 'heteroindigotins' 
are generated via a decarboxylation step to yield the related 'heteroindoxyls' 73 and 
74 which rapidly dimerise, as previously observed for the benzene analogue 32 
(Scheme 26). 
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1.4.2. 	Colouration of 'Heteroindigotins' 
The absorption of the 'heteroindigotins' 68-71 have been recorded in ethanol and are 
reported in Table 2, along with the measured absorption for indigotin 1. 
Compound Xmax / rim, 
Indigotin 1 606 
(E)- 1H, I !H[2,2']Bi[pyrrolo[3,2b]PYridinY1idene]3,3'dio 	68 600 
(E)- 1H, I TH.[22 Bi[pyrrolo[3,2cpyridinylidene]3,3'dione 69 549 
(E)-1H, 1 	 70 629 
(E)- iN, I H[2,2'Bi[pyrrolo[2,3 _b] pyridinyhdene]-3 ,3'-dione 71 
 -- 	-  . 	 . 	 -------- _, 	- O 	VI 
556 
Table 2: Wavelength ot absorption 01 inaigoun i aitu 11Lc1u111U1uL11I, 
ethanol 
Previous work carried out on the effect of the position of substituents on indigo 1 
helps to explain the observed wavelengths. 60 It was noted that for 5,5' disubstituted 
indigos, the effect of the substitutent upon the wavelength of the absorbed light was 
opposite in direction but of approximately the same size relative to the wavelength for 
unsubstituted indigo 1 as that observed for the substituent on the 6,6' disubstituted 
indigos. For substituents at the 4,4' and 7,7'-positions the trends were less clear, 
although these may be affected by through space effects between the substituent and 
the carbonyl or NH groups. Table 3 lists the absorption spectral data for various 
ii 
disubstitued indigos in tetrachioroethane, in order of increasing strength of substituent 
as an electron withdrawing group. 
Substituent 2 max' nm for 4, 
4' Substition 
Xmax/ nm for 5, 
5' Substition 
.2 max' nm for 6, 
6' Substition 
2max' nm for 7, 
7' Substition 
Nitro 580 635 
H 605 605 605 605 
Methyl 620 595 
Fluoro 615 570 560 
Chloro 610 620 590 600 
Bromo 610 620 590 605 
lodo 620 610 590 605 
Methoxy 645 570 
Trifluoromethyl 610 600 	I 
Table 3: Wavelength ot absorption tor various SUOSLILULCU iiiuig 
These trends can be explained by considering that the wavelength for absorption is 
dependent upon the difference in energies between the ground state and the first 
excited state in the molecule. Thus any substituent which raises the ground state or 
lowers the first excited state will narrow the energy difference between the two states, 
thus causing a bathochromic shift (i.e. a shift to longer wavelengths). Conversely 
widening of the energy gap by lowering the ground state or raising the excited state 
will cause a hypsochromic shift. 
Theoreticians have proposed that the most important chromophore of indigo 1 is the 
structure la (Scheme 48) . 61 Anything that stabilises the positive charge on the 
nitrogen atoms will stabilise the chromophore la, thus producing a bathochromic 
shift. Substituents at the 5- and 7-positions have the ability to donate or withdraw 
charge from the 7a-position, which can then either stabilise or destabilise the positive 
charge on the nitrogen. So an electron withdrawing group in the 5-position, will 
remove electron density around the molecule as shown in structure 91, with the 
structure 91a particularly destabilised (a similar pattern is observed when an electron 
withdrawing group is in the 7-position). This destabilising of the charge will therefore 
cause a hypsochromic shift. Conversely, an electron donating group at the 5-position 
32 
1 
will add electron density to the positions as shown in structure 92 (a similar pattern is 
observed for an electron donating group in the 7-position), with the structure 92a 
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A similar situation arises for stabilisation of the electron rich oxygen. Substituents at 
the 4- and 6-positions have the ability to withdraw or donate electron density to the 3-
position. An electron withdrawing group in the 4-position will remove electron 
density around the molecule as shown in structure 93 (a similar pattern is observed for 
electron withdrawing groups in the 6-position), with the structure 93a particularly 
stabilised. This therefore causes a bathochromic shift. An electron donating group in 
the 4-position will add electron density around the molecule as shown in structure 94 
(a similar pattern is observed for electron donating groups in the 6-position), with the 
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This is backed up by the data shown in Table 3, which shows that as the substituents 
increase in electron withdrawing strength when in the 5-position, an increasing 
bathochromic shift is observed. When in the 6-position however, increasing electron 
withdrawing strength leads to an increasing hypsochromic shift. 
For the heteroindigotins 68-71 similar theories can be used to explain the observed 
absorption wavelengths. When the electron accepting pyridine nitrogen is in the 5- or 
7-position a hypsochromic shift relative to indigo 1 is observed, which is expected 
when an electron withdrawing group is in these positions. Although the related 
bathochromic shift relative to the wavelength of indigo 1 when the pyridine nitrogen 
is in the 6- and 4-positions is not as well defined, a definite difference exists for the 
isomers with the nitrogen in the 5- and 7-positions, which would be expected to 




2. 1. 	Indoxyl Chemistry on Systems Based on Benzene 
2. 1. 1. 	Synthesis and Chemistry of Indoxyl 
This section details the synthesis of indoxyl 2 by the pyrolysis of a-
azidoacetophenone 22, and the chemistry carried out on indoxyl 2. 
2. 1. 1. 1. 	Synthesis of Pyrolysis Precursor of Indoxyl 
The pyrolysis precursor o-azidoacetophenone 22 was synthesised using a literature 
route from the commercially available o-aminoacetophenone 95,62  by standard 
diazotisation followed by reaction with sodium azide, in yields of around 90% 
(Scheme 49). 
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2. 1. 1. 2. 	Gas Phase Pyrolysis of o-Azidoacetophenone 
As previously discussed in the Introduction, indoxyl 2 has been previously produced 
by the pyrolysis of o-azidoacetophenone 22 by the technique of spray vacuum 
pyrolysis. 25 However this only proceeded in a yield of 15%, and when recovered the 
product was shown to be already oxidised through to indigotin 1. 
Pyrolysis of o-azidoacetophenone 22 under FVP conditions at 650 °C produced 
indoxyl 2 in yields of around 75%, with only insignificant amounts of indigotin 1 
present, showing this to be a superior route to the formation of indoxyl 2. Due to the 
potentially explosive nature of azides, the amounts of o-azidoacetophenone 22 (and 
all other azides) pyrolysed were kept on a scale of a few hundred milligrams. As 
discussed in the introduction, lowering the furnace temperature led to the formation of 
3-methylbenz[c]isoxazole 23.25  By varying the furnace temperature and analysing the 
resulting product mixture by 'H NMR spectroscopy, Graph I was produced showing 
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Graph 1: Temperature profile of FVP of o-azidoacetophenone 22. Dotted line 
indicates o-azidoacetophenone 22, solid line 3-methylbenz[c]isoxazole 23 and dashed 
line indoxyl 2. 
From the graph, it can be seen that at temperatures of around 200 °C virtually no 
reaction proceeds, with almost entirely o-azidoacetophenone 22 recovered. Increasing 
the furnace temperature from this point leads to the generation of a nitrene by loss of 
nitrogen from the azide group, which at temperatures below 400 °C leads to the 
formation of 3-methylbenz[c]isoxazole 23. With the furnace temperature above 400 
°C almost no o-azidoacetophenone 22 is recovered. At around 400 °C indoxyl 2 
begins to be formed, and increasing the furnace temperature further eventually leads 
to indoxyl 2 being obtained exclusively. At no temperature is 3-
methylbenz[c]isoxazole 23 recovered as the only product. As the nitrogen produced 
by the pyrolysis is not captured in the liquid nitrogen traps used to condense the 
product, the start and finish of the pyrolysis can be monitored by the change in 
pressure observed within the FVP apparatus during the reaction, as it was for all 
future azido compounds pyrolysed. 
2. 1. 1. 2. 1. Factors Affecting Pyrolysis of o-Azidoacetophenone: Neighbouring 
Group Interactions 
Depending on the size of ring to which the azido acetyl moieties are attached to, the 
bond angle between the groups may change, altering the amount of interaction that the 
acetyl group can have to cause the azide to lose nitrogen to generate the nitrene 
(primarily this affect could be noticed for changes on going from studying six 
37 
membered ring systems to five membered ring systems). To investigate this affect, it 
was decided to synthesise and pyrolyse p-azidoacetophenone 96, and compare the 
amount of remaining azido compound at the same temperatures between it and o-
azidoacetophenone 22. p-Azidoacetophenone 96 was chosen, as the azide should have 
the same electronic properties as for o-azidoacetophenone 22, but no possibility for 
steric interactions between the acetyl and azide groups. 
p-Azidoacetophenone 96 was synthesised by the same diazotisation method 
previously used to produce o-azidoacetophenone 22 (Scheme 50), with the product 
obtained in a yield of 91% from p-aminoacetophenone 97. Compound 96 was 
identified by comparison with literature melting point 63 and 'H NMR spectrum 
.64 
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Scheme 50 
As the pyrolysis of p-azidoacetophenone 96 appeared to form mainly insoluble 
products, to monitor the amount of azide remaining the same amount of 96 was 
pyrolysed at each temperature, then dissolved into solution along with the same 
amount of a standard compound (in this case p-dinitrobenzene), before being analysed 
by 'H NMR spectroscopy. The temperature at which no reaction occurred for the 
pyrolysis showed no increase in the pressure of the FVP system due to no nitrogen 
gas being produced from the azide. This was used as a base value against which all 
further measurements were divided to give a % value of azide remaining. Errors 
existed in the final measurements due to errors in weighing of both the standard and 
starting material, errors in integration due to other compounds on the baseline of the 
1 14 NMR spectra, and differences in the small amount of decomposition of starting 
material (Ca. 5%) caused by differences in inlet temperature due to differing radiant 
heat emitted from the-furnace oven. Whilst the procedure is prone to errors - for 
example the measurement at 250 °C shows more remaining p-azidoacetophenone 96 
than at 200 °C, it gives a general indication of the amount of azide consumed. 
The results of the pyrolysis of p-azidoacetophenone 96 are shown in Graph 2, 
showing the amount of azide remaining against temperature of pyrolysis. A similar 
38 
graph showing the amount of azide remaining against temperature of pyrolysis for o-
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Graph 3: % Azide remaining against temperature of pyrolysis for FVP of o-
azidoacetophenone 22 
As can be seen a difference of Ca. 50 °C exists between key points of the two 
temperature profiles, showing that having an acetyl group adjacent to the azide group 
decreases the temperature required to generate the nitrene. This indicates that 
39 
neighbouring group participation does have an effect upon the temperature at which 
the nitrene is generated from the azide, although only a small difference is observed. 
2.1.1.2.2. Factors Affecting Pyrolysis of o-Azidoacetophenone: Electronic 
Interactions 
To investigate how electronic effects affect the pyrolysis of ortho substituted 
azidoacetyl aromatic systems, it was decided to synthesise a substituted derivative of 
o-azidoacetophenone. This substitution needed to be either ortho or para to the azido 
group to allow conjugation of the electronic effects. To avoid any steric affects the 
ortho position was avoided, thus requiring a para substituent. 
As a literature route existed to produce 2-azido-5-methoxyacetophenone 98 this was 
the selected target for this section of work. 65 
MeO 
98 
Although the formation of 2-amino-5-hydroxyacetophenone 99 by reaction of o-
azidoacetophenone 22 with sulfuric acid is known in the literature, 66 exact conditions 
for this reaction are not reported. It was found that dropwise addition of sulfuric acid 
to o-azidoacetophenone 22 followed by neutralisation and extraction yielded crude 2-
arnino-5-hydroxyacetophenone 99 which could be purified by recrystallisation from 
toluene in yields of 38%. The product was identified by comparison with literature 
melting point and 'H NMR spectral data. 67  The mechanism of reaction is likely to 
proceed as shown in Scheme 51, whereby protonation of the nitrogen atom adjacent to 
the aromatic ring precedes loss of nitrogen, followed by attack by hydrogen sulfate 
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Scheme 51 
Although the hydroxy group would have sufficed as the required electron donating 
group, complications may have arisen due to the possibility of the hydrogen migrating 
under FVP conditions to quench the nitrene (Scheme 52). To avoid this possibility, 
the hydroxy group was methylated using conditions that have previously been used 
selectively to methylate at the phenol rather than the amine, for 4-amino-3-iodophenol 
100 to produce 2-iodo-4-methoxyaniline 101 (Scheme 53)•68 Thus 2-amino-5-
hydroxyacetophenone 99 was selectively methylated by methyl iodide in the presence 
of caesium carbonate to produce 2-amino-5-methoxyacetophenOfle 102 in yields of 
73% (Scheme 54). The product was identified by comparison of literature 'H and 13C 
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2-Amino-5-methoxyacetopheflOfle 102 was then converted to 2-azido-5-
methoxyacetophenone 98 by the previously used diazotisation route (Scheme 55). The 
product was obtained in a yield of 78%, with the constitution of the product 
confirmed by comparison with literature melting point and 'H NMR spectroscopy. 65 
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Scheme 55 
The pyrolysis of 2-azido-5-methoxyacetophenofle 98 proceeded similarly to that 
observed for indoxyl 2. At low pyrolysis temperatures, mainly starting material was 
recovered. At intermediate temperatures mainly 5-methoxy-3-methylbenz[c]isOXaZOle 
103 was obtained, and identified by comparison with literature 'H NMR spectroscopic 
data  .65  At higher temperatures 5-methoxyindoxyl 104 was formed, and the product 
was identified due to its 'H NMR spectrum containing the required peaks for the 
methoxy group, CH2 peak (at 6 3.92 compared to 6 3.88 for indoxyl 2) and the 
required three aromatic peaks giving the expected splitting pattern for a 1,2,4 
trisubstituted benzene system. Table 4 lists the amount of each component at the 
relevant pyrolysis temperatures (measured by 'H NMR spectroscopy) for both 2-
azido-5-methoxyacetophenone 98 and o-azidoacetophenone 22, whilst Graph 4 shows 
42 
the original temperature profile for the pyrolysis of o-azidoacetophenone 22 with the 







Pyrolysis Temperature I °C 300 400 500 600 
System Pyrolysed =98. 22 	' 98 22 98 22 98 
Azide/% 7 18 3 0 0 0 0 0 
Isoxazole/% 92 82 91 90 36 44 2 1 
lndoxyl/% 1 0 16 10 64 56 98 
99' 
Table 4: Comparison ot result ot pyrolysis ror o-azlaoacewpr'eEloIIc 
5-methoxyacetophenone 98 
- - 
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Graph 4: Temperature profile of pyrolysis of o-azidoacetophenone 22, with overlaid 
points for the pyrolysis of 2-azido-5-methoxyacetophenOfle 98 
As can be seen, within experimental error the addition of the electron donating 
methoxy group makes little difference to the formation of the related isoxazole and 
indoxyls by pyrolysis of the relevant azidoacetophenone. This indicates that changing 
the electronic properties of the azide should not be a reason for any differences 
observed when pyrolysing any 'heteroindoxyl' precursors. 
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2. 1. 1. 3. 	Solution Phase Pyrolysis of 3-Methylbenz[c]isoxazole 
Pyrolysis of o-azidoacetophenone 22 in p-xylene for 2 h led to complete conversion 
of the starting material into 3-methylbenz[c]isoxazole 23 (Scheme 56). 
0 
CC 0  N 
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Scheme 56 
2. 1. 1. 4. 	Properties of Indoxyl: Tautomerism 
Indoxyl 2 has previously been shown to exist in its keto form in non hydrogen bond 
forming solvents such as chloroform but exists as its enol form in hydrogen bond 
forming solvents such as DMSO. 5  'H NMR spectra of indoxyl 2 in various deuteriated 
solvents were recorded, and the ratio of keto to enol tautomers measured. As the 
chemical shifts of the protons at the 2-position in the different tautomers (typically 6 
3.9 for the CH2  of the keto tautomer and 6 6.7 for the CH of the enol tautomer) could 
be easily identified, measurement of the ratio of the two forms present was not 
complicated. As the equilibrium between keto and enol tautomers often takes time to 
be established, 'H NMR spectra were run at regular intervals until the ratio of the two 
tautomers became constant. The results for the solvents studied are listed in Table 5. 
Solvent Ratio of Keto to Enol Tautomers Present 
CDCI 3 >95:5 
[2H6]-Acetone >95:5 
[2H4 ] -Methanol 92:8 
[2H3]-Acetonitrile 82:18 
[2H6]-DMSO <5:95 
As can be seen, asides from the highly polar DMSO, indoxyl 2 tends to favour the 
keto tautomer strongly. 
There was a potential problem when recording the spectra in [2H]-acetone, as there 
was the chance that a condensation reaction may proceed to yield 2-isopropylidene- 
Table 5: Ratio of keto to enol tautomers for indoxyl 2 present in various solvents 
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1,2-dihydro-indol-3-one 105 (Scheme 57). Although this process did not occur at a 
fast enough rate to interfere with the tautomerism study, accurate mass electron 
impact mass spectrometry showed the species with correct molecular ion to be present 
in a solution of indoxyl 2 in acetone that had been left to stir overnight. 
2 H 	 105H 
Scheme 57 
2. 1. 1. 5. 	Properties of Indoxyl: Deuterium Exchange 
Due to the interconversion between keto and enol tautomers, when indoxyl 2 is placed 
into a deuteriated solvent which has a low dissociation constant, such as methanol, 
deuterium uptake can occur at the H(2)-position, as seen in Scheme 58a. When a 
sample of indoxyl 2 is dissolved in [2H4]-methanol the process will eventually 
produce an effectively entirely deuterated compound 2c. By comparison of the size of 
the H(2) proton peaks with those that should not exchange (i.e. the aromatic peaks), 
an approximate rate of exchange can be measured. Graph 5 shows the measured 
amount of unexchanged hydrogens at the H(2)-position against time for indoxyl 2 in 
[2H4]-methanol at 25 °C. This graph shows an approximate half life of 7 h. After 26 h, 
almost complete exchange has occurred. 
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Graph 5: Plot of deuterium exchange for indoxyl 2 in [2H4]-methanol 
2. 1. 1. 6. 	Properties of Indoxyl: Studies in TFA 
Previously 1H-pyrrol-3(211)-ones have been shown to be O-protonated by TFA to 
give solutions which are stable indefinitely. 70  Such work can provide information on 
stability, effect of positive charge on chemical shifts and deuterium exchange. Due to 
the protonated compound being charged (Scheme 59), the tautomerism and deuterium 
exchange results are not comparable with those previously discussed. 
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Scheme 59 
Only one tautomeric species was observed for the protonated indoxyl, which was 
shown to be the keto form due to the 'H NMR spectra showing a peak for the CH 2 at S 
4.36. 
Due to the protonation at the carbonyl, the chemical shifts for both 'H and ' 3C NMR 
spectroscopy will be changed. Comparison between the spectra for the protonated and 
non-protonated indoxyl 2 species are listed in Tables 6 ('H spectra) and 7 ( 13C 
spectra). 
(For ease of comparison with the pyrrolone systems that follow, in this section alone 




I 	2 0. 
N 
2 
Peak Assignment CH2 Aromatics 
H (CDCI3) 3.89 6.85, 6.92, 7.45 and 7.62 
H (TFA) 4.36 (+0.47) 7.48-7.57 (2 x CH) and 7.67-7.78 (2 
x  CH) 
- 	 .-. 	 - -- -1 	'T'T 	A 
Table 6: Comparison ot H INMK cnemicai snius 01 iiiuoyi 	 LJ-I3 
with the difference given in brackets 
Peak CH 2 CH C(13) C(f3') 	.1 C(a') 
Assignment ________ ________  
c(CDC13) 54.08 112.92, 	118.98, 	124.19 	and 200.51 121.87 162.57 
136.88 
c (TFA) 120.42, 	125.11, 	131.34 	and 195.60 127.28 146.25 
138.26 (-5.09) (+5.41) (46.32) 
I I 	'T'IT? A 
Table 7: Comparison 01 u INIVIK cnemicai ShilLS 01 llluuAyl "I 
with differences given in brackets 
Similar studies have been carried out to measure the difference between non-
protonated and protonated forms of the simple pyrrolones 106 and 107, °  as listed in 
Table 8. As can be seen, relative to these pyrolones, for indoxyl 2 at the C(3)-position 
a smaller deshielding effect is observed, the C(13')-position is more shielded, whilst 
the C(a')-position shows a large deshielding effect for indoxyl 2 whilst the pyrrolones 








Peak Assignment H2(a) C(13) C(13') C(a') 
Difference in chemical shift for 106 +0.86 -11.87 +1.73 +7.46 1 
Difference in chemical shift for 107 +1.16 -10.24 -1.46 +10.58  
Table 8: Differences in chemical shift for the protonated relative to tne non 
protonated forms for the pyrrolones 106 and 107. 
The smaller shielding effect observed at the C()-position for indoxyl 2 upon 
protonation compared with the pyrrolones 106 and 107 can be explained by 
comparing the resonance forms for the protonated pyrrolones (Scheme 60) and 
indoxyl 2 (Scheme 61). The C(3)-position for the pyrrolones shows a shielding effect 
caused by a reduction of the anistropic effect of the carbonyl group upon 
protonation. 7°  Due to the extra resonance forms available for indoxyl 2 this effect is 
reduced leading to a smaller change in chemical shift. The increased spread of the 
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The large difference in relative changes for the C(a')-position upon protonation 
between indoxyl 2 and the pyrrolones 106 and 107 can be explained by comparing 
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Schemes 59 and 60 again. For indoxyl 2, protonation leads to resonance forms in 
which the aromaticity of the benzene ring is lost, which leads to a shielding effect 
despite the counteracting deshielding effect of the low electron density at this 
position. For the pyrrolones however no loss of aromaticity occurs, so the only effect 
is the increased electron deficiency which causes a deshielding effect. 
Deuterium exchange rates were also measured for indoxyl 2 in [ 2H]-TFA. Deuterium 
exchange can occur by two processes in this example. Either the neutral enol tautomer 
can uptake deuterium upon tautomerisation between the keto and enol tautomers (as 
previously discussed in the example of [ 2H4]-methanol in Scheme 58a), or the 
protonated indoxyl uptakes deuterium (Scheme 58b). It was observed that 65% 
exchange occurred in 1 h for indoxyl 2 by comparing the size of the CH2 peak relative 
to the size of the aromatic protons in the compound's 'H NMR spectrum. This 





























Indoxyl 2 appeared to have no stability problems being in the presence of such a 
strong acid. 
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2. 1. 1. 7. 	Properties of Indoxyl: Stability in Chloroform 
Studies were carried out to gain information on the general stability of indoxyl 2. As 
indigotin 1 is insoluble in most solvents, any formed should precipitate out of solution 
leaving only indoxyl 2 dissolved. Therefore a sample of indoxyl 2 was dissolved in 
CDCI3 along with a small amount of inert reference compound (p-dinitrobenzene was 
used as its 'H NMR spectrum shows one singlet, shifted to a higher frequency than all 
peaks for indoxyl 2), and a rough estimate of the remaining indoxyl 2 present could be 
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Graph 6 Plot of% indoxyl 2 remaining against time in a solution CDCI3 
These results indicate that within two days half of the indoxyl 2 present will be 
converted into indigotin 1. However, this assumes that indoxyl 2 is only converted 
into indigotin 1, and that the small amount of acid present in chloroform does not 
accelerate the process. Also, the NMR tube containing the sample needed to be 
refiltered regularly to remove the insoluble indigotin 1 which had formed, which may 
account for the apparent alternating rates of fast and slow removal of indoxyl 2, when 
the amount of oxygen available to cause oxidation became replenished. 
2. 1. 1. 8. 	Reactions of Indoxyl: Dimerisation to form Indigotin 
Although dimerisation of indoxyl 2 to form indigotin 1 is a well known process, in the 
literature exact methods and conditions to promote the required conversion could not 
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be found. A method used to prepare 4,4'-dibutyl-5,5'-dimethyl-IH,1'H-
[2,2']bipyrrolylidene-3,3 '-dione 108 from 4-butyl-5-methyl- 1 ,2-dihydropyrrol-3 -one 
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Scheme 62 
Due to the insolubility of indigotin 1 in conventional NMR solvents, the resulting 
product was analysed by mass spectrometry. Initial results showed that the product 
still cdntained traces of indoxyl 2, which were removed by stirring for 30 min in 
chloroform, and the precipitate removed. Indigotin 1 was successfully produced in a 
yield of 55%, and characterised by mass spectrometry 72 and melting range. 73 
UV spectroscopy gave ?max values of 620 nm (DMSO) and 606 nm (DIvIF), which 
compares with literature values of 619 nm 46 and 621 nm 74  in DMSO solution. Due to 
the general insolubility of indigotin 1 no extinction coefficients were recorded, as is 
commonly the case for indigotins. 
2. 1. 1. 9. 	Reactions of Indoxyl: Alkylation 
Following routes used to synthesise 0-methylated pyrrol-3-one derivatives such as 
110 from 107 (Scheme 63),75 attempts to do the same were applied to indoxyl 2. 
Using sodium hydride as base, methyl p-toluenesulfonate as alkylating agent and DM1 
as solvent and stirring at room temperature for 1.5 h, the Ifl NMR spectrum of the 
product mixture revealed only unreacted starting material. With the same conditions, 
but with the solvent changed to TI-IF, again only starting material appeared to be 
present. However, conditions previously used to O-alkylate indoxyl 241,42 proved to 
be successful. Using sodium hydroxide as base, dimethyl sulfate as methylating agent 
and methanol as solvent, 5 h stirring led to the formation of 3-methoxy-IH-indole 25 
in a yield of 49% (Scheme 64). The product was identified by comparison of literature 
1 1-1 NMR spectra, 31 whilst 13C NMIR spectroscopy and mass spectrometry were 














Reaction of indoxyl 2 with iodomethane was expected to proceed to produce 2,2-
dimethyll,2dihYdro-indo1-3-one 
43,41 as has been previously discussed in the 
Introduction. However, when indoxyl 2 was reacted with iodomethane and sodium 
hydride in THF the major product, which was isolated by silica column 
chromatography, was a compound whose 'H NMR spectrum did not fit the expected 
spectrum of 43. instead of a single peak of six fold intensity relative to one of the 
aromatic protons, two three proton singlets appeared at ö 3.60 and 8 3.83. Mass 
spectrometry showed a species of molecular mass 320 to be present, which along with 
the NMR data already discussed implied that a dimeric species related to indigotin 1, 
but which contained two pairs of two equivalent methyl groups to be present. This led 
to two possible structures - either the 0- and N-substituted 111, or N- and C(2)-
substituted 112. Comparison with the literature 'H NIVIR spectrum for 113 shows that 
a chemical shift of 8 1.28 is expected for methyl group at the C(2), 76 which is much 
lower than that observed for the unknown compound. Comparison of the literature 
spectrum of the monomer 114,' whose methyl peaks occur at S 3.58 and 5 3.78 













To investigate the mechanism of formation of 111, indigotin 1 was reacted under the 
same conditions as above. The resulting product was identified due to the presence of 
only one methyl peak in its 'H NMR spectrum, which was at the same chemical shift 
as that of 115. Compound 115 has previously been synthesised by reaction of 
indigotin 1 with methyl iodide in the presence of tetrabutylammoniufli iodide and 
sodium hydroxide (Scheme 65).' This shows that N-methylation can occur for the 
dimer species 1, although O-methylation cannot proceed. 






As the previously synthesized 3-methoxy-3H-indole 25 was stable to dimerization, 
and as indigotin 1 is not able to undergo O-methylation, it is implied that for the 
formation of 111 O-methylation can only occur when the single bonded species 16 or 
116 is present. As N-protection is also likely to prevent dimerization, as discussed in 
the Introduction, N-methylation must occur after a similar dimerization step. Two 
possible mechanisms therefore exist, dimerization of indoxyl 2 through to 'leuco-
indigo' 16 which is followed by N-methylation to 116 and O-methylation to 117 

















2. 1. 1. 10. 	Reactions of Indoxyl: Acylation 
As discussed in the Introduction, three different products are possible from the 
acylation of indoxyl 2 - I -acetylindoxyl 41, 3-acetoxyindole 46 and 3-acetoxy-1- 
acetyl-1H-indole 47. These products could easily be differentiated by 'H NMR 
spectroscopy.. 3-Acetoxy-1-acetyl-1H-indole 47 shows two three proton singlets 
whereas the other two species show only one. 1-Acetylindoxyl 41 can then be 
differentiated from 3-acetoxyindole 46 by the presence of a CH 2 peak at 8 4.22, which 






47 )o 46 H 
Unlike indoxyl 2, 1 -acetylindoxyl 41 appears to show no tautomeric dependence on 
solvent, remaining in the keto form even when in DMSO. This appears surprising at 
first, as the enol tautomer would be able to undergo intermolecular hydrogen bonding 
which should lead to stabilisation of that tautomer. However, for amides extra 
stabilisation is gained by the delocalization of the nitrogen lone pair electrons onto the 
carbonyl, as shown in Scheme 67. For the keto tautomer, this process can go 
unhindered, but for the enol tautomer the nitrogen lone pair is involved in a 67t 
aromatic system, thus limiting its ability to delocalise onto the carbonyl. This makes 
the enol tautomer less stable than the keto, even in DMSO which should promote the 
enol tautomer. Similarly the delocalisation of the amide lone pair onto the carbonyl 
limits the ability of 1-acetylindoxyl 41 to form a captodative system (as discussed for 
indoxyl 2 in the introduction), increasing the compound's stability towards oxidative 
dimerisation. 




Various conditions were attempted to produce these compounds, with the conditions 
and reagents, and outcome of the reaction shown in Table 9. 
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 Ac20 Ac20 Reflux 5 mm 1-Acetylindoxyl 41 formed in 
91% yield 
 Ac20 Ac20 Reflux I h Crude NMR showed only 1- 
acetylindoxyl 41 formed 
 Ac20 Ac20 Reflux 23 h Crude NMR very complex; see 
discussion 
 Water Ac20 0°C 20 mm 1-Acetylindoxyl 41 formed in 
70% yield 
V) THF Ac20 Reflux 15 min Mainly 	1-acetylindoxyl 	41 
formed 
vi) Methanol NaOH Ac20 RT 16 h No acylated product formed 
 Ether TEA AcCI RT 0.5 h Crude NMR shows 22:78 ratio 
o to N acylated prod. 
 THF TEA AcCI RT 0.5 h Crude NMR shows 43:57 ratio 
o to N acylated prod. 
 Acetonitrile TEA AcCI RT 0.5 h Crude NMR shows 44:56 ratio 
o to N acylated prod. 
X) DMF TEA AcCI RT 0.5 h Crude NMR shows 25:75 ratio 
o to Nacylated prod. 
 DMSO TEA AcCI RT 0.5 h Crude NMR shows >95:5 ratio 
o to N acylated prod. 
 DM1 TEA AcCI RT 0.5 h Crude NMR shows 40:60 ratio 
o to N acylated prod. 
 Ac20 Pyridine Ac20 Reflux 5 min Crude NMR shows 3-acetoxy- 
l-acetyl-IH-indole 	47 	and 	3- 
acetoxyindole 	46 	formed 	in 
ratio of 1:1.75 
 Ac20 Pyridine Ac20 RT I h Crude NMR shows mixture of 
1-acetylindoxyl 	41, 	3- 
acetoxyindole 	46 	and 	3- 
acetoxy- I -acetyl- I H-indole 47 
Table 9: Details of experiments into acylating indoxyl 2 
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Experiment i) was designed to investigate the ease with which acetic anhydride would 
acylate indoxyl 2. By refluxing these reagents together I -acetyl indoxyl 41 was formed 
in a yield of 91%, which turned out to be the highest yielding and easiest synthesis of 
Il-acetylindoxyl 41. 
Experiments ii) and iii) were designed expecting that diacylation at both 0- and N-
çositions would occur by increasing the reaction time from experiment i). However, 
after I h only 1-acetylindoxyl 41 appeared to be present by 'H NMR spectroscopic 
analysis. After 23 h, the product mixture gave a complex 'H NMR spectrum, which 
indicated the presence of a variety of acetyl peaks. Purification by silica column 
chromatography proved unsuccessful, yielding a 'H NMR spectrum of even greater 
complexity, indicating that if the diacetyl species 47 had been formed it was of low 
stability on silica. 
Experiment iv) was used the conditions of Etienne who claimed to produce 46,' 
however it was found that reacting indoxyl 2 with acetic anhydride at low 
temperatures led to the formation of the N- rather than 0-acylated product. Etienne's 
original paper implied that on recrystallisation a small amount of 41 was removed, 
indicating that this approach may produce a mixture of 41 and 46 whose ratio is 
affected by careful changes in the reaction conditions. 
Experiment v) was adapted from one used to produce 3-acetoxy-2-carbethoxypyrrole 
118 from 2-carbethoxy-3-hydroxypyrrole 119 (Scheme 68) i.e. acylation of a N-
unsubstituted pyrrol-3-one. 77 When applied to indoxyl 2 however this method led to 
the formation of mainly 1-acetylindoxyl 41. 







Experiment vi) was an attempt to determine if the conditions that had successfully 
been used to 0-methylate indoxyl could lead to 0-acylation of indoxyl. The 'H NMR 
spectrum of the product did not match with the spectra of any of the expected acylated 
products, and was not fully interpreted. 
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Experiment vii) was seen to produce a mixture of 0- and N-acylated product by 1 H 
NMR spectroscopy of the crude product mixture Several solvents were investigated 
for this reaction, with the expectation that the solvents with harder hard/soft 
characteristics would favour the harder 0-anion over the N-anion. With the solvent 
hardness increasing from experiment viii) to xii), it was generally seen that the ratio 
of 0- to N-acylated product increased with solvent hardness, the only exception being 
when DM1 was used, which may be due to the solvent's ability to form a complex 
with cations present. Although the best ratio for producing 46 was found when using 
DMSO as solvent, when applied on a preparative scale the acid wash required to 
remove the TEA on work up appeared to lead to rearrangement of 46 to yield 1-
acetylindoxyl 41. 
Experiment xiii) was designed to investigate how the presence of pyridine affects the 
course of this reaction mechanism, in anticipation of synthesizing 'heteroindoxyls' 
containing a pyridine ring. Heating for thirty minutes cleanly yielded the diacylated 
species 47 indicating that pyridine accelerates 0-acylation. 
Experiment xiv) was designed to investigate the process of acylation in the presence 
of pyridine. The final product mixture showed the presence of 0-acylated product 46 
showing that when in the presence of pyridine, indoxyl 2 can be monoacylated at the 
0-position. As the diacylated species is present it shows that the second acylation step 
proceeds successfully at room temperature, and the rate of formation shows that the 
O-acylated product cannot be produced exclusively at this temperature. It is not clear 
whether the N-acylated product was formed competitively in the presence of the 
pyridine, or during the removal of the solvent under reduced pressure, where due to 
the difference in boiling points pyridine will be removed far faster than acetic 
anhydride. 
A further experiment was designed to investigate the mechanism of formation of 47. 
A sample of I -acetylindoxyl 41 was placed in acetic anhydride along with one 
equivalent of pyridine and heated for five minutes. The solvent was then removed 
with almost quantitative formation of 47 (Scheme 69). This shows that 1-
acetylindoxyl 41 can be acylated at the 0-position by acetic anhydride in the presence 










2. 1. 1. 11. 	ReactiOns of Indoxyl:'Meldrumsation' Reactions 
Meldrum's acid derivatives of IH-pyrrol-3(21])-ones have previously been shown to 
be easily obtainable, by either stirring methoxymethylene Meidrurn's acid 120 and the 
pyrrolone overnight in acetonitrile solution, or heating the same reagents together for 
3 h. 8  The only previous studies on an N-unsubstituted pyrrolone, 4,5-dimethyl-1H-
pyrrol-3(211)-one 121 showed the reaction to proceed at the C- rather than N-position 
to produce 122 (Scheme 70). These 'Meldrumsated' compounds can then be 







Initial synthesis of a Meldrum's acid derivative of indoxyl proceeded by stirring 
indoxyl 2 with methoxymethylene Meidrum's acid 120 in acetonitrile overnight. The 
reaction was expected to proceed to produce the tautomers 1.23 or 124 by reaction at 
the N-position, or the tautomers 125 or 126 by reaction at the C(2)-position. Contrary 
to the precedent above, 78  the reaction proceeded at the N-position to produce 123 in 
yields of up to 63%; the product was identified due to the presence of a CH 2 peak at ö 
4.72 in its 'H NMR spectrum, thus ruling out all other isomeric possible products, 
along with mass spectrometry showing a species of mass of 287 consistent with 123. 
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As with 1-acetylindoxyl 41, dissolution in DMSO did not produce the enol tautomer, 
presumably for similar reasons (See Section 2. 1. 1. 10.). 
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The difference in reaction site between indoxyl 2 and 4,5-dimethyl-1H-pyrrol-3(2H)-
one 121 is thought to be due to MOMMA 120 being a soft electrophile, and therefore 
favouring reaction with soft nucleophilic sites. It is therefore suggested that the fused 
benzene ring of indoxyl 2 causes the nitrogen atom to be softer than the nitrogen of 
similar pyrrol-3-ones, which leads to the reaction proceeding at the N rather than C-
position for indoxyl 2. For decreased nucleophilicity of the nitrogen, it would be 
expected that nitrogen lone pair would be delocalised onto the enaminone system, as 
shown in Scheme 71. This in turn will lead to greater double bond character for the N-
C bond, which could be observed by comparison of X-ray crystal data of related 
systems. For the related pyrrolone 127, the relevant N-C bond was measured as 
1.317(12) A, 79 compared with that of the indoxyl derivative 128 which was measured 
at 1.373(3) A. 8° This shows a difference of greater than three times the multiplied 
e.s.d.s, showing a significant difference that indicates that the nitrogen of the pyrrol-3-
one system is of greater nucleophilicity. 
0 








FVP of 123 at 650 °C proceeded to yield a methyleneketene intermediate, by loss of 
acetone and carbon dioxide followed by a 1,4-prototropic shift and cyclisation onto 
the C(2)-position to provide a product in a yield of 54% (Scheme 72). Whilst a 1,4 
hydrogen shift is unusual in the gas phase since a dipolar species is formed, such 
shifts have been observed when a heteroatom is able to accommodate the positive 
charge,  81  in this case the nitrogen atom. Due to the low volatility of 123, the pyrolysis 
had to be carried out at a pressure of 10 5 Torr rather than 10 3 Torr, allowing lower 
inlet temperatures to vaporise 123, which prevented large scale decomposition of 123 
in the inlet tube. 
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The resulting cyclised product could exist in three possible tautomeric forms, 1-
hydroxy-3a-azacyc lopenta[a] inden-8-one 129, 8-hydroxy-3a-azacyclopenta[a] inden-
I-one 130 or 3a-azacyclopenta[a]indene-1,8-dione 131. As the ' 3C NMR spectrum of 
the compound showed six CH peaks and five quaternary peaks, 131 could be ruled 
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out as it requires seven CH peaks and four quaternary peaks. However, structures 129 
and 130 could not be differentiated by examination of the spectra alone. By 
comparison of the measured carbonyl ' 3C shift of 8 175.13, with that of 132 (ö 
175.04)82 and 107 (8 198.7  1)'13  it appears that structure 129 is the most likely. 
O~N 	CC CCN  129 130 	 131 
0 	 0 
Q132 N /  Ph 107 
Compound 129 appears to be the first example of a 7-hydroxy-2,3-dihydropyrrolizin-
1-one system with a ring fused along the 2,3 bond. This unique system was therefore 
fully characterised by NMR spectroscopic methods. From the 'H NMR spectrum, the 
protons at the 2- and 3-positions could be identified as the signals at ö 5.85 and ö 7.29 
as they were the only signals to exist as doublets, showing a coupling constant of 2.9 
Hz, which is very similar to that observed for 107 which shows a coupling constant of 
3.1 Hz. This leaves the remaining four signals to correspond to the four protons 
situated around the benzene ring. 
Due to the number of carbon signals that could not be assigned based on chemical 
shift, short and long range hydrogen to carbon experiments were carried out. HSQC 
spectra were obtained to correlate one bond hydrogen to carbon bonding, as shown in 
Table 10. HIVIBC spectra were obtained which shows two and three bond hydrogen to 
carbon coupling, as shown in Table 11. 
Table 10: HSQC data obtained for I -hydroxy-3a-azacyclopenta[a]inden-8-Ofle 129 







'H Chemical Shift ' 3C Chemical Shifts of Carbons showing Long Range Coupling 
5.85 115.87 and 121.15 
7.14 109.54, 122.49, 129.89 and 132.48 
7.39 104.37, 115.87 and 149.82 
7.41 123.35, 129.89 and 141.91 
7.50 132.48, 141.91 and 175.13 
7.54 122.49 and 141.91 
Table 11: HMBC data obtained tor 1-tiyciroxy-ia-aZaCycIopentaaJ1flUefl-O-OEIe i 
The carbonyl carbon could be easily identified as being the signal at 6 175.13 from its 
chemical shift. The only proton within three bonds of this carbon is at the C(7)-
position, which from the HMBC data is revealed to be at 6 7.50. The proton signal S 
7.50 shows two long range couplings to carbons at 6 132.48 and 6 141.91. As the 
carbon peak at 6 141.91 is a quaternary peak from the 13C NMR data, this represents 
the signal from C(3a). As three bond couplings are generally stronger in an aromatic 
system than two bond couplings, the signal at 6 132.48 represents the C(S) carbon. 
HSQC data therefore shows that the proton signal at 6 7.54 must be for the H(S) 
proton. By analysing the shape of the multiplets at 6 7.14 and 5 7.41, it can be seen 
that the signal at 5 7.14 is an approximate triplet which must be the H(6) proton, 
whilst the 6 7.41 signal is an approximate doublet making it the H(4) proton. From the 
HSQC data therefore the signal at 6 123.35 represents the C(6) carbon, whilst the 
signal at 5 109.54 represents the C(4) carbon. The HMBC experiment shows that both 
H(4) and H(6) show long range coupling to the carbon signal at S 129.89, showing 
this to be C(7a). 
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The I-IMBC experiment shows that the carbon signal at 8 149.82 only shows long 
range coupling to the proton at 6 7.39, indicating that these signals respectively 
represent the C(1) carbon and H(3) proton. The remaining unassigned signals could 
then be identified as the only remaining carbon quaternary and proton signals, and 
from the HSQC spectrum showing the remaining CH carbon, as shown in Table 12. 
Position 'H Chemical Shift 13C Chemical Shift 
149.82 
2 5.85 104.42 
3 7.39 121.15 
3b 141.91 
4 7.41 109.54 
5 7.54 132.48 
6 7.14 123.35 




Table 12: 'H and ' 3C NMR data for 1-hydroxy-3a-azacyclopenta[a]inden-8-one 129 
7 7a 
0 
: 1 	8a OH 
3a 
129 3 
In Previous work the 3-hydroxypyrrole 133 was reacted with methoxymethylene 
Meldrum's acid 120 to yield the product 'Meldrumsated' at the 5-position 134 
(Scheme 73)•79  However, attempts to 'Meldrumsate' 129 by stirring overnight with 
methoxymethylene Meldrum's acid 120, and by refluxing the two reagents in 
acetonitrile for 3 h proved unsuccessful, with only starting material recovered 
(Scheme 74). As the reaction proceeds by nucleophilic attack of the 3-hydroxypyrrole 
on MOMMA 120, anything that lowers the electron density at the 3-position will 
lower the reactivity. For 129, the lone pairs on the nitrogen atom and the hydroxy 
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group can be delocalised away from this position, which will lower its ability to act as 
a nucleophile compared with 129. 
OH 	 a 	OH 
MOMMA 120 0 
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Scheme 74 
Synthesis of 126 was achieved, by adapting a route previously used to synthesise 126 
from 1-acetylindoxyl 41  .14,15  This literature route produced l-acetyl-2-
dimethy lam inomethyleneindoxyl 135 from 1-acetylindoxyl 41 by refluxing with N,N-
dimethylformamide diethyl acetal in toluene. The product 136 was deacylated by 
boiling with triethylamine in methanol for I h. 84 The resulting 2-
dimethylaminomethylene-indoxyl 136 was then stirred with Meldrum's acid in 
isopropanol for 5 h, 85 to yield 126 in three steps with a overall yield of 35% (Scheme 
75). It was not known whether starting with 1-acetylindoxyl 41 was to prevent N-
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Scheme 75 
However, the formation of 136 was shown to proceed from indoxyl 2 by reaction with 
N,N-dimethylformamide diethyl acetal in a yield of 81%. The target 126 was then 
synthesised from 136 as expected by reaction with Meidrum's acid, in a slightly 
improved overall yield of 41% (Scheme 76). 
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Scheme 76 
Pyrolysis of 126 has two possible routes of reaction upon pyrolysis, either a 1,5- 




the N-position. Previously, pyrolysis of the 2-Meidrum's acid derivative of the N-
unsubstituted hydroxypyrrolone 122 has been shown under FVP conditions to cyclise 
exclusively at 600 °C onto the 0-position to form 137, rather than to cyclise onto the 
N-position to fOrm 138 (Scheme 77) 81  1,7-Prototropic shifts leading to cyclisation 
onto N-heteroatoms have previously been observed for the 2-'Meldrumsated' 
derivative of pyrrole 139, which cyclises at 600 °C under FVP conditions to produce 
pyrrolizin-3-one 140 (Scheme 78).' 
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Pyrolysis of 126 could then produce three possible isomers, with cyclisation onto the 
nitrogen possible to produce the tautomeric 8aH-3a-azacyclopenta[a] indene-3, 8- 
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dione 141 or 8-hydroxy-3a-azacyc!openta[a]inden-3-one 142 or cyclisation onto the 
oxygen to produce 5H-pyrano[3,2-b]indol-2-one 143. ' 3C NMR spectroscopic data 
immediately ruled out 141 due to the wrong number of quaternaries and CH peaks 
being observed. By analogy with the coupling constants of the two alkene protons 
(9.5 Hz) present in the newly formed ring, with those of compounds containing the 
possible six membered ring e.g. 2,3-dirnethyl-1H-pyrano[3,2-b]pyrrol-5-one 137 (9.2 
Hz)78  and five membered ring e.g. 7-methoxypyrrolizin-3-one 144 (coupling constants 
of 5.8 and 3.3 Hz observed) , 86 the compound was identified as 143. 
it 
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Attempts to 'Meidrumsate' 1-acetylindoxyl 41 by stirring overnight with 
methoxymethylene Meidrum's acid 120 in acetonitrile proved unsuccessful, with only 
starting material recovered. 
2. 1. 1. 12. 	Reactions of Indoxyl: Reactions at C(2)-position: Reaction with 
IOLJJ 
Dimethyl acetylenedicarboxylate (DMAD) is a dienophile that can react with 
electron-deficient alkynes and alkenes, such as indoxyl 2. However, no reactions are 
known in the literature between indoxyl 2 and DMAD, although previously 1-
acetylindoxyl 41 has been reacted with a three mole excess of DMAD in the presence 














 work on the reactions of DMAD with hydroxypyrroles has shown two 
different reactions to be possible. 88 DMAD may react with 106 by a Michael addition 
to the 2-position to produce 146 (Scheme 80), whilst under the same conditions 107 
undergoes a cycloaddition reaction to yield the cycloadduct 147 (Scheme 81). Whilst 
the exact reasons for the selectivity of these two reactions are not understood, the 
cycloaddition reaction is unlikely to proceed for indoxyl 2 as this would destroy the 
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Indoxyl 2 and one equivalent of DMAD were dissolved in DMSO, and stirred for 1 h 
at room temperature, and after quenching with water the resulting precipitate was 
collected. DMSO was used as solvent to attempt to increase the amount of enol 
tautomer present, thus promoting Michael reaction, although the reaction also 
proceeded using DCM as solvent, albeit less cleanly. Mass spectrometry data showed 
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a product of mass 275 had been formed, indicating a 1:1 reaction between indoxyl 2 
and DMAD had proceeded in a yield of 38%. Two likely tautomeric structures were 
expected should reaction proceed at the C(2)-position viz 148 and 149. 'H NMR 
spectroscopy ruled out 148 due to the presence of a signal which had a relative 
intensity of two protons. Also possible was reaction at the N-position to yield 150 or 
151, but ' 3.0 NMR spectroscopy ruled out 150 due to the presence of seven 
quaternaries and four CH peaks rather than the required six quaternaries and five CH 
peaks, whilst 151 was ruled out due to the aforementioned two proton signal. A fifth 
structure 152 was also considered, going through a [2 + 2] cycloaddition mechanism. 
Although this appears an unlikely reaction, literature precedent published at the time 
of this work suggested DMAD to react in this fashion with derivatives of 
benzaldehyde in the presence of a catalytic amount of pyridine, 89  although a later 
publication showed the analysis of data to be incorrect, 90  with the reaction instead 
proceeding via nucleophilic addition at the aldehyde (Scheme 82). Although the 
product's Nrv[R data agreed with literature data for 149,' this did not completely rule 
out 152, so a crystal structure was required to prove the correct structure. Figure 1 
shows the structure of the molecule and Figure 2 shows the hydrogen bonding system 
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Figure 2 
As shown by the crystal structure, 149 was the product of this reaction. The 
tautomeric structure adopted was slightly surprising as the previously observed 
reactions between DMAD and pyrrolones had lead to structures with the tautomeric 
structure adopted by 146, which would have led to 148. This was rationalised using 
the crystal structure in Figure 2, which showed that intramolecular hydrogen bonding 
existed between the amide hydrogen H(1) and the ester carbonyl 0(13) to produced a 
six membered ring, as well as intermolecular hydrogen bonding between the NH H(1) 
and ketone carbonyl 0(3), which would not be possible in the enol tautomer. All 
previous products of Michael addition of DMAD to pyrrolones has been carried out 
for N-substituted pyrrolones, 88 which cannot undergo hydrogen bonding via the NH 
like 149. 
Compound 149 has been previously synthesised by the reaction of 1-acetyl-2-
methoxyindoxyl with DMAD and TEA followed by reduction by sodium borohydride 
and then reaction with tin chloride to yield 149 and 153, although this three step 
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2. 1. 1. 13. 	Reactions of Indoxyl: Reactions at C(2)-position: Condensation 
Reactions 
Whilst the remaining reactions carried out indoxyl 2 are known in the literature, many 
have not been done in recent times, so asides from refining these methods for use on 
the 'heteroindoxyl' systems, it allowed the use of modern analytical methods to 
characterise these systems. 
Indirubin 3 was synthesised by adapting the method of Baeyer, 38 by reaction of 
indoxyl 2 and isatin 4 in the presence of NN-diisopropylethylamine in an unoptimised 
yield of 36% (Scheme 84). The product was identified by comparison of literature 
melting points and NMR data.  92  The product had a 2m (Methanol) of 540 nm and an 
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Scheme 84 
Another condensation reaction, which has been previously discussed in the 
introduction was that of indoxyl 2 with glyoxal to produce 2,2'-ethanediylidene-bis-
indolin-3-one 58 (Scheme 35). This was successfully carried out in a yield of 31% 
compared with a literature value of 32%.45  
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2. 1. 1. 14. 	Reactions of Indoxyl: Reactions at C(2)-position: Diazo Coupling 
Diazo coupling of indoxyl 2 and p-methylbenzenediazonium chloride gave 2-(p-
tolylhydrazono)-indoxyl 154 (Scheme 85) in a 49% yield. The presence of a 
quaternary at 6 180.75 (indicative of a carbonyl, at a similar shift to that at 6 178.86 
for similar 1 -phenyl-2-p-tolylhydrazono- 1H-pyrrol-3(2H)-one 155)'93  indicates that 
the keto tautomer is present. Again, changing solvent from chloroform to DMSO did 
not appear to change the tautomeric form, possibly due to hydrogen bonding between 
the carbonyl and hydrazone stabilising the keto tautomer. 
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2. 1. 1. 15. 	Reactions of Indoxyl: Reactions at C(2)-position: Nitrosation 
Similarily nitrosation of indoxyl 2 by addition of an aqueous sodium nitrite solution to 
indoxyl 2 in acetic acid and water and stirring at room temperature for 1 h yielded 53 
(Scheme 86) in a yield of 23%. The product was identified by the absence of a CH2 
signal in the compound's 'H NMR spectrum, and mass spectrometry results showing 
that mononitrosation had occurred. 
criI 	aq. NaNO2 EIII=NOH 
Scheme 86 
2. 1. 2. 	Alternate Approach to Synthesis of 'Heteroindoxyls' 
As an alternate approach to generating 'heteroindoxyls', it was decided to investigate 
the pyrolysis of 2'-azidoacetophenones. It was hoped that the nitrene generated by the 
pyrolysis of the azide would. then insert into the adjacent CH bond of the aromatic 
system (Scheme 87). There did not appear to be any work in the literature 
investigating this potential route. 
75 
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Scheme 87 
This was an attractive route; if successful it provided a pathway to several new 
'heteroindoxyl' precursors. A large number of acetyl heteroaromatics are 
commercially available, which can be easily converted into the desired 
azidoacetylheteroaromatics. For example, the pathway for the conversion of 3-
acetylthiophene 156 into 3-azidoacetylthiophene 157 has already been established 
using two simple steps that should be applicable to other acetyl heteroaromatics. 94 '95 
Firstly 3-acetylthiophene 156 is reacted with bromine and aluminium trichloride to 
produce 3-bromoacetylthiophene 158 in a yield of 82%. The bromo group then can 
undergo nucleophilic substitution by an azide group to produce 3-
azidoacetylthiophene 157 in a yield of 80% (Scheme 88). 95 
Bra , ALCI3 	 Br NaN 3 	 N 3 
156 	 158 	 157 
Scheme 88 
2. 1. 2. 1. 	Synthesis and Pyrolysis of 2'-Azidoacetophenone Type Systems 
2'-Azidoacetophenone 159 was synthesized using established methodology, 96 by 
reaction of 2'-bromoacetophenone 160 with sodium azide in a yield of 86% (Scheme 
89). The product was identified by comparison with literature data. 97  The mass 
spectrometry result showed a characteristically small molecular ion peak (0.5%) 
associated with T-azidoacetophenone derivatives. 
Br NaN3 	
N3 
160 	 159 
Scheme 89 
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Pyrolyses of 2'-azidoacetophenone 159 at furnace temperatures varying from 450 to 
850 °C failed to produce indoxyl 2 as shown by the absence of a peak at S 3.89 in the 
'H NMR spectrum of the products. All the pyrolyses showed a complex mixture of 
products by 'H NMR spectroscopy, with the aromatic region in the spectra from 5 7 to 
8.5 showing a large number compounds to be present, which failed to separate by 
column chromatography. The only product that was identified was benzaldehyde 161, 
by the presence of a singlet at 5 10.03 in the 'H NMR spectrum of the pyrolyses 
carried out at higher temperatures, which is likely to have been formed by the 
mechanism as shown in Scheme 90. The amount of benzaldehyde 161 present was 
calculated from the 'H NMR spectra, assuming that five times the integral of the 
aldehyde peak in the aromatic region corresponded to benzaldehyde 161, and that all 
other species present had five protons in this region. This data is shown in Table 13, 
which shows that increasing furnace temperature tends to give an increased amount of 
benzaldehyde 161 produced. 






Pyrolysis Temperature / °C 450 550 650 750 800 850 
Benzaldehyde 161 in Product / % 0 16 6 27 44 58 
Table 13: Amount of benza!dehyde 161 in product mixture at various rurnace 
temperatures for the FVP of 2'-azidoacetophenone 159 
To investigate this pyrolysis it was decided to carry out the same reactions using 2'-
azido-4-methylacetophenone 162. Due to the para substituent the NMIR spectra of the 
aromatic region of the compounds produced would be simplified into two sets of 
77 
doublets, thus hopefully allowing for easier identification of any products formed. It 
was decided to use a methyl group as it would not undergo any reaction under FVP 
conditions, and would have little effect on the electronic processes that were 
occurring. 
2'-Azido-4-methylacetophenone 162 was synthesised from 2'-bromo-4-
methylacetophenone 163 by the same method as 2'-azidoacetophenone 159, with the 
product collected in a yield of 90% (Scheme 91), and identified by comparison with 
literature data. 97 
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Scheme 91 
Pyrolysis of 2'-azido-4-methylacetophenone 162 again failed to produce the indoxyl 
related species, 6-methylindoxyl 164. The pyrolyses produced a complex mixture of 
products, along with p-tolualdehyde 165 which was analysed as previously stated for 
the pyrolysis of 2'-azidoacetophenone 159. Again, the amount of aldehyde produced 
increased with furnace temperature. 
164H 
Also found in the pyrolyses were trace amounts of 4-methyl-a-hydroxylacetonitrile 
166, the amounts of which formed were found to increase with increasing throughput 
rates. Repyrolysis of 4-methyl-a-hydroxylacetonitrile 166 at 850 °C produced p-
tolualdehyde 165 in yields of around 40%, presumably via loss of hydrogen cyanide, 
which showed 166 to be an intermediate towards the formation ofp-tolualdehyde 165 
(Scheme 92). Presumably the formation of tolualdehyde 161 from 159 can also 
proceed via this intermediate. 
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Although the pathways of this pyrolysis are not fully understood, it can be seen that 
this reaction does not proceed to produce the desired indoxyl species for the examples 
studied, and was not considered further as a possible route for the synthesis of 
'heteroindoxyls'. 
79 
2. 2. 	Six Membered 'Heteroindoxyls' 
This chapter details the synthesis and chemistry of 'heteroindoxyls' where the benzene 
ring of indoxyl 2 has been replaced by another six membered ring. Also included are 
attempted syntheses that have identified new reactions, even though production and study 
of the desired 'heteroindoxyl' was not achieved. 
2. 2. 1. 	The Synthesis and Chemistry of 1,2-Dihydropyrro1o2,3-b]pyridin-3- 
one 
This section of work details the synthesis and chemistry of 1,2-dihydropyrrolo[2,3-
b]pyridin-3-one 75. As stated in the Introduction, although the dimeric indigo analogue 
71 has been previously synthesized  ,2  the monomeric 'heteroindoxyl' 75 appears to not 
been isolated. 
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2. 2. 1. 1. 	Synthesis of Pyrolysis Precursor of 1,2-Dihydropyrro1o2,3-b]pyridin- 
3-one 
The first route used to generate the required 4-acetyltetrazolo[ 1 ,5-a]pyridine 167 started 
from 3-acetylpyridine 168 which was converted into 3-acetylpyridine-1-oxide 169 by 
reaction with hydrogen peroxide using a literature method (Scheme 93).98  ' The product 
was obtained in a yield of 50% and was identified by comparison of melting point  98  and 








The next step was the selective chlorination of 3-acetylpyridine-1-oxide 169 to produce 
3-acetyl-2-chloropyridine 170. This chlorination reaction has previously been carried out 
on the acetyl derivative 170, 100 and also with benzoyl and cyano substituents at the 3-
position, to give exclusive substitution at the 2-position. Presumably the + carbon of the 
acetyl group helps to direct the chlorination to the 2 rather than 5-position (mechanism 
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Heating 3-acetylpyridine-l-oxide 169 in phosphorus oxychioride for 1 h at 100 °C led to 
the formation of 3-acetyl-2-chloropyridine 170 in a yield of 66% (Scheme 95). Only trace 
amounts of other isomers formed by chlorination of other sites around the pyridine ring 
were observed by 'H NMR spectroscopy. 
0 	 0 
Pod 3 
1, 100°C 




To gain the required azide functionality at the 2-position, a method previously used to 
synthesize tetrazolo[1,5-a]pyridine 171 from 2-chloropyridine 172 by reaction of sodium 
azide in the presence of hydrochloric acid was applied. 10 ' The reaction proceeded via a 
nucleophilic displacement of the chioro group by the azide, followed by an electrocyclic 
ring closure to produce the tetrazole functionality (Scheme 96). When applied to 3-
acetyl-2-chloropyridine 170, 4-acetyltetrazolo[1,5-a]pyridine 167 was produced in a yield 
of 90% (Scheme 97). The product was characterized by 1 H and ' 3C NMR which showed 
significant differences to 170, and mass spectrometry showing the expected molecular 
ion peak, along with a characteristic peak of (M - 28) showing the loss of molecular 
nitrogen. Whilst the reaction is quoted as taking 72 h for 2-chioropyridine 172, 10 ' the 
effect of the electron withdrawing acetyl group causes the reaction to be complete in 24 h 
for the 3-acetyl derivative 170. 
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Whilst this synthesis was adequate for generating the required pyrolysis precursor, during 
the time of these studies 2-chloronicotinonitrile 173 became commercially available. By 
reacting this with methyl magnesium chloride under standard Grignard conditions, 3-
acetyl-2-chloropyridine 170 was obtained in yields of 65% (Scheme 98). This approach 
towards the synthesis of 3-acetyl-2-chloropyridine 170 was advantageous for several 
reasons: 
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2-Chioronicotinonitrile 173 is the same price as 3-acetylpyridine 168. The two 
steps to synthesize 3-acetyl-2-chloropyridine 170 from 3-acetylpyridine 168 
proceed in an overall yield of 33%, compared with a one step yield of 65% 
from 2-chioronicotinonitrile 173, thus producing a more economical synthesis. 
The one step route from 2-chloronicotinonitrile 173 avoids the use of toxic 
phophorus oxychioride 
The one step route from 2-chioronicotinonitrile 173 does not have the problem 







2.2.1.2. 	Gas Phase Pyrolysis of 4-Acetyltetrazolo[1,5-aJpyridine 
Similar to the pyrolysis of o-azidoacetophenone 22 (Section 2. 1. 1. 2.), pyrolysis of 4-
acetyltetrazolo[1 ,5-a]pyridine 167 yielded two new products. At intermediate pyrolysis 
temperatures, the oxygen of the acetyl group is attacked to generate 3-
methylisoxazolo[3,4-b]pyridine 174 in yields of 80% (Scheme 99). The product was 
identified from 'H NMR spectroscopy showing three pyridine protons and a methyl peak 
at 6 2.82 (compared with a shift of ö 2.72 for the benzene analogue, 3-
methylbenz[c]isoxazole 23), the ' 3C NMR spectrum showing the correct number of 
quaternary and CH peaks (with nothing at sufficiently high shift to be due to a carbonyl 
carbon atom), and mass spectrometry showing the correct molecular ion to be present. A 
crystal structure was obtained for 3-methylisoxazolo[3,4-b]pyridine 174, which is 
believed to be the first example of a crystal structure for a isoxazolo[3,4-b]pyridine, and 














Comparison of this crystal structure with that of 3-phenyl-2,1-benzoxazole 175 showed 
the fused pyridine ring to have little effect on the isoxazole portion compared with a 
fused benzene ring. 102  No significant differences in bond lengths were observed, whilst 
the only bond angle to show a significant difference was the N(1)-C(7a)-N(7) angle, 





At higher temperatures the pyrolysis formed a product which in CDC1 3 solution was 
shown by 'H NMR spectroscopy to contain three pyridine protons, along with a singlet of 
the integral of two protons at a chemical shift of 6 3.90 (compared with a chemical shift 
of 6 3.89 for indoxyl 2). This was therefore identified as the indoxyl analogue 1,2-
dihydropyrrolo[2,3-b]pyridin-3-one 75 which had been formed in a yield of 57% 
(Scheme 100). In [2H6]-DMSO, the product was observed to exist in the enol tautomer 
75b, as had been observed for the benzene analogue, with the 'H NMR spectrum in this 
solvent showing three pyridine protons, along with a singlet of integral of one proton at a 
chemical shift of 6 6.62 for the H(2)-position (compared with a chemical shift of 5 6.70 
for the benzene analogue. 2). Mass spectrometry showed the correct molecular ion to be 
present. Full NMR analysis of the enol form 75b was carried out using HMBC, HSQC 
and COSY experiments. From the coupling patterns of the pyridine protons, the three 
proton signals could be identified, as for 2,3-disubstituted pyridines the largest coupling 
constant would be expected to be between H(4) and H(S). HMBC data showed the 
quaternary peak at 8 114.31 to be the only carbon to show long range coupling to H(5), 
indicating it to be C(3a). The COSY experiment showed that of the two broad peaks 
corresponding to the NH and OH peaks, the signal at ö 10.60 corresponded to the NH, as 
it showed a coupling to the signal from H(2). The HMBC experiment then managed to 
differentiate the two remaining quaternaries, as although both coupled to H(2) and H(4), 
the signal at ö 132.16 also showed coupling to the OH, indicating it to be C(3), and 
therefore the signal at 8 146.13 must be C(7a). Full characterization details are shown in 
Table 14. Similar analysis of the keto form was not possible due to the compound's 









Position 'H Chemical Shift ' 3 C Chemical Shift 
2 6.62 107.49 
3 132.16 
3a 114.31 
4 7.97 126.09 
5 6.80 116.56 
6 7.76 142.82 
7a 146.43 





A temperature profile for the pyrolysis of 4-acetyltetrazolo[1,5-a]pyridine 167 was then 
produced, as was previously performed for o-azidoacetophenone 22, by carrying out the 
FVP at different furnace temperatures and analyzing the resulting product mixture by 'H 
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Graph 7: Temperature profile of FVP of 4-acetyltetrazolo[1,5-a]pyridine 167. Dotted 
line indicates 4-acetyltetrazolo[1,5-a]pyridine 167, solid line 3-methylisoxazolo[3,4-
b]pyridine 174 and dashed line 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75. 
Although the temperature that the azide is converted to the isoxazole is approximately the 
same as observed for the pyrolysis of o-azidoacetophenone 22 (as shown in Graph 1, 
reproduced below), the temperature at which the 'heteroindoxyl' 75 is formed is higher 
than for indoxyl 2, with no conversion till 500 °C for the pyridine system compared with 
400 °C for the benzene system. This indicates a greater stability for 3-
methylisoxazolo[3,4-b]pyridine 174 compared with that of 3-methylbenz[c]isoxazole 23, 
showing that the loss of aromaticity upon forming the isoxazole is less important for the 
pyridine system. This therefore causes the isoxazole to be less inclined to rearrange to the 
indoxyl. Unlike the benzene analogue, a temperature exists where the isoxazole system is 
produced as the only product of the pyrolysis. 
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Graph 1: Temperature profile of FVP of o-azidoacetophenone 22. Dotted line indicates 
o-azidoacetophenone 22, solid line 3-methylbenz[c]isoxazole 23 and dashed line indoxyl 
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2.2.1.3. 	Gas Phase Pyrolysis of 3-Methylisoxazolo[3,4-blpyridine 
To prove that 3-methylisoxazolo[3,4-b]pyridine 174 was an intermediate that at higher 
furnace temperatures would rearrange to produce the thermodynamic product 1,2-
dihydropyrrolo [2,3 -b]pyridin-3 -one 75, a pyrolysis of 3 -methylisoxazolo [3 ,4-b]pyridine 
174 was carried out at 680 °C, which yielded l,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 
in a yield of 45%, with the poor yield duç to decomposition of 174 in the inlet of the FVP 
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Scheme 101 
2.2.1.4. 	General Stability of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one 
Whilst it was expected that all 'heteroindoxyls' would have some stability problems due 
to the effect of the 2-position being a potential captodative centre, 1,2- 
dihydropyrrolo[2,3-b]pyridin-3-one 75 proved to be particularly problematic to work 
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with. Whilst the other species could be removed from the U-tube of the FVP apparatus as 
powdery solids, 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 was generated as a sticky 
brown solid which proved difficult to handle. 
To investigate this instability, a sample of 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 was 
dissolved in CDC13, along with an internal standard of CHC1 3 . The amount of 75 
remaining compared with this standard was measured by 'H NMR spectroscopy, as 
shown in Graph 8. Inaccuracies in the measurements may have resulted from the 
formation of decomposition products, which led to signals on the baseline, which may 
have caused errors in the measurement of the required integrals. The graph shows a fast 
initial decay followed by a slower more leveled out loss, although this slowing down 
effect may well have been caused by all oxygen in the NMR tube having been consumed. 
Mass spectrometry results showed the presence of a peak at m/z = 264, indicating the 
formation of the dimeric 'heteroindigotin' species 71. As can be seen, a far faster initial 
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Graph 6 Plot of % indoxyl 2 remaining against time in a solution CD C13 
A similar study was carried out to observe the stability of 1,2-dihydropyrrolo[2,3-
b]pyridin-3-one 75 in [2H6]-DMSO, as shown in Graph 9, this time using DCM as the 
internal standard. As can be seen, whilst an initial fast decay followed by a slower period 
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Graph 9: Graph of decay of 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 in [2H6]-DMSO 
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2. 2. 1. 5. 	Properties of 1,2-Dihydropyrrolo[2,3-b]pyridjn-3-one: Tautomerism 
As mentioned previously when discussing its characterization, 1,2-dihydropyrrolo[2,3-
b]pyridin-3-one 75 can exist as either the keto or enol form depending on solvent, as 
observed for indoxyl 2. As with indoxyl 2, the ratio of tautomers present in various 
solvents was measured by 'H NMR spectroscopy, having allowed equilibrium to become 
established, by running spectra over several hours until the ratio of tautomers became 
constant. The results of this study are shown in Table 15, along with the previously 
observed ratios for indoxyl 2. As can be seen, whilst for CDC1 3 and [2H6]-DMSO, the 
solvents that respectively strongly disfavour and favour hydrogen bonding, the results are 
closely similar to those observed for indoxyl 2. However, for the solvents of intermediate 
polarity 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 shows a greater tendency to adopt the 
enol form than was observed for indoxyl 2. This difference is thought to be due to the 
enol tautomer being an electron rich 67r 5 center system. This can be better stabilized by a 
fused pyridine than benzene ring due to the presence of the electron accepting nitrogen in 
the pyridine ring, which is able to remove some of this electron density to produce a more 
stabilised system. 
Solvent Ratio of Keto:Enol for 75 Ratio of Keto:Enol for 2 
CDC13 >95:5 >95:5 
[2H6]-Acetone 33:67 >95:5 
[2H4]-Methanol 5:95 92:8 
[2H6]-DMSO <5:95 <5:95 
Table 15: Ratio of keto to enol tautomers for 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 
and indoxyl 2 present in various solvents 
2.2.1.6. 	Properties of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one: Deuterium 
Exchange 
1 ,2-Dihydropyrrolo[2,3-b]pyridin-3-one 75 was dissolved in [2H4]-methanol and after 90 
minutes in solution at room temperature 1 H NMR spectroscopy showed that Ca. 50% 
exchange had occurred, by comparison of size of 11(2) proton compared with that of the 
aromatic protons. Whilst this rate appears to be faster than observed for indoxyl 2, where 
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50% exchange was observed after Ca. 7 h the possibility of self catalysis by the basic 
nitrogen from the pyridine ring exists in the case of 75. 
2.2.1.7. 	Properties of 1,2-Dihydropyrrolol2,3-blpyridin-3-one: Protonation 
Studies in TFA 
Whilst for indoxyl 2 in TFA only the carbonyl position was available for protonation, for 
1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 the nitrogen of the pyridine ring is available 
as well. Whilst protonation at the 0-position gives only one possible tautomer 75c, 








'H NMR spectroscopy of a solution of 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 in TFA 
showed two isomers present, which were identified as a keto and enol tautomer, and were 
present in a respective ratio of approximately 3:1. 'H Chemical shifts are shown for these 
two species in Table 16, along with the chemical shifts for 1,2-dihydropyrrolo[2,3-
b]pyridin-3-one 75 in CDC13 and [ 2H6]-DMSO, which respectively showed the keto and 
enol tautomers. Table 17 shows the coupling constants observed for these solutions. 
Solvent 8H H(2) 8H H(4) 8H H(5) SH H(6) 
CDC13 (Keto Tautomer) 3.90 7.83 6.72 8.32 








[ 2H6]-DMSO (Enol Tautomer) 6.62 7.97 6.80 7.76 








Table 16: 'H NMR shifts for observed protonated keto and enol tautomers of 1,2- 
dihydropyrrolo[2,3-b]pyridin-3-one 75 in TFA, and the neutral keto and enol tautomers 
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of 75 in CDC13 and [2H6]-DMSO respectively, and differences upon protonation in 
brackets 
Solvent J4,5 J4,6 J5,6 
TFA (Keto Tautorner) 7.3 1.3 6.4 
CDC13 (Keto Tautomer) 7.3 1.5 5.1 
TFA (Enol Tautomer) 7.9 1.6 6.0 
[2H6]-DMSO (Enol Tautomer) 7.9 1.6 4.7 
Table 17: Coupling constants observed between pyridine protons for protonated and 
neutral forms of 1 ,2-dihydropyrrolo [2,3 -b]pyridin-3 -one 75 
As can be seen, similarities exist between the two tautomers in that considerably larger 
shielding affects occur at the H(4) and H(5)-positions relative to the H(6) upon 
protonation. Also, the only major change in coupling constants upon protonation for both 
tautomers is the coupling between H(S) and H(6), which shows an increase of 1.3 Hz. 
These similarities imply that protonation occurs at the same position for both of the 
tautomers of 1,2-dihydropyrrolo[2,3 -b]pyridin-3 -one 75 in TFA, i.e. forming the 
tautomers 75d and 75e. 
For further comparison, pyridine itself was dissolved in TFA, CDC1 3 and DMSO to 
investigate the effect of chemical shifts upon protonation. Table 18 shows the data for 
pyridine in TFA, CDC13 and [2H6]-DMSO, whilst Table 19 shows the coupling constants 
observed for pyridine in TFA and CDCI 3 . 
Solvent H(3) H(2)I(4) H(1)/(5) 
TFA 8.74 8.18 8.85 
DMSO 7.80 (+0.94) 7.42 (+0.76) 8.60 (+0.25) 
CDCI 3 7.65 (+1.09) 7.28 (+0.90) 8.61 (+0.24) 
Table 18: Chemical shifts for pyridine in TFA, DMSO and CDC1 3 with figures in 
brackets changes in shift upon protonation. 
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Solvent J4,5  J4,6 J5,6 
TFA 8.0 1.5 6.6 
CDC13 7.8 1.6 6.5 
Table 19: Coupling constants for pyridine in TFA and CDC1 3 
As can be seen, in common with 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75, protonation 
of pyridine causes far greater shielding effects for H(4) and H(5) than for H(6), although 
the magnitude of these changes is greater for pyridine, wherein the charge cannot be 
spread over an adjacent fused ring. However, the coupling constants observed upon 
protonation show little change, which is not consistent with the results observed for 1,2-
dihydropyrrolo[2,3-b]pyridin-3-one 75, which showed a change in the .15 ,6 coupling 
constant. Whilst these results are inconclusive they do indicate that protonation is likely 
to occur at the N-position rather than 0-position for 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-
one 75 in TFA solution. 
In [2H4]-TFA ca 50% exchange at the H(2)-position was observed by 'H NMR 
spectroscopy after thirty minutes. 
2.2.1.8. 	Reactions of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one: Oxidative 
Dimerisation 
The indigotin analogue (E)- 1 H, 1 'H- [2,2']bi [pyrrolo [2,3 -b]pyridinylidene]-3 ,3 '-dione 71 
was synthesized from 1,2-dihydropyrrolo [2,3 -b]pyridin-3 -one 75 in a yield of 53%, using 
the method previously used to synthesize indigotin 1 from indoxyl 2 (Scheme 102). 
Again the compound was too insoluble to obtain solution phase NMR spectra, but 
electron impact mass spectrometry confirmed the product's identity with good correlation 
between the breakdown peaks between the two indigoid species 2 and 71 (Table 20). The 
product was likely to be formed as the E rather than Z isomer due to the intramolecular 
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Scheme 102 
71 Indigotin 1 Fragment 
265 (45) 263 (25) M+1 
264(100) 262(100) M 
236 (30) 234 (24) M-28 
208 (30) 206 (24) M - 56 
104 (39) 104 (31) M - 160 
78 (56) 76 (21) M - 186 
Table 20: Comparison of mass spectroscopy breakdown peaks for (E)-1H,1'H-
[2,2']bi[pyrrolo [2,3 -b]pyridinylidene] -3,3 '-dione 71 and indigotin 1, with peak intensities 
in brackets, along with the identity of the fragment. 
UV-vis spectroscopy gave a k,,,a,, value of 567 nm (DMSO) and 562 rim (DMF) for (E)-
1 H, 1 'H- [2,2']bi [pyrrolo [2,3 -b]pyridinylidene]-3 ,3 '-dione 71. This compares with a 
literature value of 556 rim (ethanol). 4 This hypsochromic shift relative to indigotin 1 
[2 max(ethan0l) 606 nm] may be due to the reasons discussed in the Introduction. Similarly 
to indigo 1, the colour observed is likely to be dependent on the chromophore 71a. The 
electron accepting nitrogen in the pyridine ring acts to destabilize the chromophore 71a 
by withdrawing electron density away from the electron deficient NH, as shown in 
structure 71b. This causes a widening in the energy difference between the ground state 
71 and the excited state 71a, lowering the ?m relative to indigotin 1. 
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2.2.1.9. 	Reactions of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one: Acylation 
Previous work (see Section 2. 1. 1. 10.) on the acylation of indoxyl 2 had shown that 
acylation was easily achieved at the N-position by refluxing with neat acetic anhydride 
which produced 1-acetylindoxyl 41. It was also observed the best way to generate the 
diacylated species 47 was by reaction of indoxyl 2 with acetic anhydride in the presence 
of pyridine. It was seen that the O-acylated species could be formed from indoxyl 2 by 
reaction of acetic anhydride in the presence of pyridine. Due to the pyridine ring being 
incorporated into its structure, it was therefore expected that it would be possible to 
diacylate l,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 by reaction only with acetic 
anhydride. 
l-Acetyl-1,2-dihydropyrrolo[2,3-b]pyridine-3-one 176 has been previously synthesized 
by reaction of 1-acetyl-1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde 177 with m-
chloroperbenzoic acid (Scheme 103).b03 
rO 	 0 
3 m-CPBA (r 30 
N 	N 
	
177 \ 	 176 
Scheme 103 
Refluxing 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 with acetic anhydride for 10 
minutes did successfully produce 3-acetoxy-l-acetyl-1H-pyrrolo[2,3-b]pyridine 178 in a 
yield of 88% (Scheme 104). The product was identified by the presence of two acetyl 
peaks in both the 'H and ' 3 C NMR spectra, and mass spectrometry showed the correct 
molecular ion. Whilst the difference in chemical shift for the N-acetyl peak for 3-acetoxy- 
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1-acetyl-1H-indole 47 (8 2.60) and 3-acetoxy-1-acetyl-1H-pyrrolo[2,3-b]pyridine 178 (ö 
3.04) appears quite large, a similar difference exists when changing from 1 -acetylindoline 
179 (8 2.25)' 0 and 1-acetyl-2,3-dihydropyrrolo[2,3-b]pyridine 180 (ö 2.67).' ° 
cc 
N 75 H 
Acetic anhydride 
30 
10 min Reflux 






By reducing the time and temperature of reaction it was hoped to produce either the 0-
acylated species 1-acetyl-1H-pyrrolo[2,3-b]pyridine 181 or N-acylated species 1-acetyl-
l,2-dihydropyrrolo[2,3-b]pyridine-3-one 176. Addition of acetic anhydride followed by 
its immediate removal at low pressure (2.8 x 10 2  Ton) yielded a product mixture which 
was observed by 'H NMR spectroscopy to contain 3-acetoxy-1-acetyl-1H-pyrrolo[2,3-
b]pyridine 178 along with a monoacylated product in a ratio of 1:2 (Scheme 105). The 
monoacylated product was identified as the 0-acylated product 181 rather than the N-
acylated product 176 due to the signal from the H(2)-position corresponding to a CH 
rather than CH2 signal, although the products were never separated. No evidence for the 
formation of 1-acetyl-1,2-dihydropyrrolo[2,3-b]pyridine-3-one 176 was obtained, 
indicating that either 0-acylation occurs far faster than N-acylation does, or that after N-
acylation occurs, the second acylation step to produce 178 proceeds very quickly. Either 
of these conditions made the possibility of synthesizing 1-acetyl-1,2-dihydropyrrolo[2,3-
b]pyridine-3-one 176 from 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 difficult, so no 













2.2.1.10. 	Reactions 	of 
	
1 ,2-Dihydropyrrolo [2,3-bi pyridin-3-one: 
'Meidrumsation' Reactions 
As had been observed for indoxyl 2 (Section 2. 1. 1. 11.), methoxymethylene Meidrum's 
acid 120 reacted with 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 at room temperature at 
the N-position, to produce 2,2-dimethyl-5 -(3 -oxo-2,3 -dihydro-pyrrolo [2,3 -b]pyridin- 1-
ylmethylene)-[1,3]dioxane-4,6-dione 182, albeit in an unoptimised yield of only 14% 
(Scheme 106). This poor yield compared with that of 63% observed for that of benzene 
analogue is due to the differing solubilities of these two systems and the change in work-
up procedures required. Indoxyl 2 proved to be soluble in acetonitrile, and the resulting 
product 123 precipitated out cleanly. 1 ,2-Dihydropyrrolo[2,3-b]pyridin-3-one 75 however 
proved to be only slightly soluble in acetonitrile, thus requiring it to be added as a 
suspension. Upon completion of reaction, the precipitate which formed was shown to be 
insoluble in most solvents, and highly coloured, indicating it to be indigotin analogue 71. 
After removal of this precipitate, concentration of the solvent to low volume and filtration 
yielded only meager amounts of 182, due to its greater solubility in acetonitrile. The 
product 182 was identified by 'H NMR spectroscopy, which showed the CH 2 peak to be 
at ö 4.87 compared with 8 4.72 for the benzene analogue 123; ' 3 C NMR spectroscopy and 
mass spectrometry provided confirmation of the structure. 
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The FVP of 182 at 650 °C proceeded via the same 1,4-hydrogen shift followed by 
electrocyclisation observed for 123 to produce 6-hydroxypyrido [3,2-b] pyrrolizin-5 -one 
183 in a yield of 27% (Scheme 107). Compound 182 proved to be more volatile than the 
benzene analogue 123, , such that pressures of 2.3 x  10-2 Ton were required for the 
pyrolysis of 182 compared with 9 x 10 6  Ton for 123. The product was identified by 
mass spectrometry showing the correct molecular ion, ' 3C NMR spectroscopy showing 
the expected five quaternary peaks and five Cl-I peaks whilst 'H NMR spectroscopy 
showed the expected three peaks from the pyridine ring, along with the doublets from the 
H(2)- and H(3)-positions. These peaks came at 6 5.94 and ö 7.50 (J 3.0 Hz), compared 
with 8 5.85 and 6 7.39 (J 2.9 Hz) for the benzene analogue 129. Again, there was the 
possibility of the product existing in the tautomeric forms 184 or 185. ' 3C NMR 
spectroscopy showed the incorrect number of quaternary and CH peaks for the product to 
be 185. The form 183 was shown to be correct rather than 184 with the carbonyl shift of 
172.75 being closer to the expected chemical shift observed in the benzene analogue 129 
(ö 175.13), whilst for the form 184 the carbonyl shift would be expected to be closer to ö 
198.71, by comparison with the chemical shift of the quaternary for 107. 
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2. 2. 1. 11. 	Reactions of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one: Reactions at 
C(2)-position: Reaction with DMAD 
Stirring of molar equivalents of 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 with DMAD 
in DMSO followed by quenching by water yielded a precipitate, the 'H NMR 
spectroscopy of which showed a product with the only peaks being a complex signal in 
the range of ö 3.5-4.0. This product was shown to be caused by reaction of the basic 
pyridine with DMAD, as using pyridine instead of 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-
one 75, gave a product whose 'H NMR spectra showed the same pattern. 
2.2.1.12. 	Reactions of 1,2-Dihydropyrrolo [2,3-b] pyridin-3-one: Reactions at 
C(2)-position: Condensation Reactions 
l,2-Dihydropyrrolo[2,3-b]pyridin-3-one 75 was reacted with isatin 4 in the presence of 
N, N-diisopropylethylamine to produce 2-[2-oxo- 1,2-dihydro-indol-(3Z)-ylidene]- 1,2-
dihydropyrrolo[2,3-b]pyridin-3-one 186 in a yield of 17% (Scheme 108). The product 
was identified by ' 3C NMR spectroscopy which showed the expected peaks for 186, 
containing the carbonyl peaks at 6 171.40 and 6 186.45, compared with the corresponding 
peaks at 8 170.72 and ö 188.61 for indirubin 3. In addition, 'H NMR spectroscopy and 
mass spectrometry were as expected. 'H NMR spectroscopy showed only one isomer to 
be formed, and although the stereochemistry along the central double bond could not be 
determined, the product was likely to be the Z rather then E isomer by analogy with 
indirubin 3. 
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Scheme 108 
The compound 186 had a ?max of 505 nm (methanol) with a 8 of 7900 1 moF' cm 1 , 
compared with a km. of 540 nm (methanol) and a c of 13500 1 moF' cm for indirubin 3. 
This hypsochromic shift relative to that of indirubin 3 is probably for similar reasons to 
the hypsochromic shift observed for the indigotin species 1 and 71 (see Section 2. 2. 1. 
8.). The key chromophore for the colouration of indirubin 3 is likely to be related to the 
structures 3a and 3b. Hence, stabilisation of these chromophores (by donation of electron 
density to an electron deficient nitrogen atom or withdrawal of electron density from an 
electron rich oxygen atom) will cause a bathochromic shift. Conversely destabilisation of 
these chromophores will cause a hypsochromic shift. 
OCT /?N H ~ 	CN  3 TO 3 
For 186 the electron withdrawing nitrogen will remove charge from the positions 
indicated in structure 186a. The structure 186b will be particularly destabilised due to the 
positive charge being displaced into the vicinity of the positively charged NH, thus 
leading to a hypsochromic shift relative to indirubin 3. 
0 a 
N+ 
0 	 0_ 
186a 186b 
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This follows a similar pattern to that previously established for the colouration of 
substituted indirubins. Whilst only two monosubstituted indirubin derivatives have had 
UV spectral studies carried out, they back up these expected trends. Whilst the shift 
observed for 5-methyl-i H, 1 'H-[2,3 ']biindolylidene-3 ,2'-dione 187 [A m (methanol) 536 
nm]49 is only slightly different to that of indirubin 3 [2 max(methanol) 540 nm], 5-
methoxy- 1 H, 1 'H- [2,3 ']biindolylidene-3 ,2'-dione 188 [? m (methanol) 569 nm]49  shows a 
significant bathochromic shift as is expected for an electron donating group in the 5-
position. 
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2. 2. 1. 13. 	Reactions of 1,2-Dihydropyrrolo[2,3-b]pyridin-3-one: Reactions at 
C(2)-position: Nitrosation 
Reaction of i,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 with sodium nitrite in acetic acid 
and water yielded crude 1H-pyrrolo[2,3-b]pyridine-2,3-dione-2-oxime 189 as the main 
product (Scheme 109), analogous to what had been observed for indoxyl 2. The product 
was characterized by 'H NMR spectroscopy, which showed the expected three pyridine 
protons, along with two broad signals (from the NH and OH groups), but nothing 
corresponding to the H(2)-position. Mass spectrometry showed the product to be of 
correct molecular ion, whilst ' 3C NMR spectroscopy showed the expected four 
quaternaries and three CH peaks. 
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Scheme 109. 
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Overall, the chemistry of 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 appears to be very 
similar to that of indoxyl 2, although the basic pyridine prevents some of the reactions 
from proceeding. 
2.2.2. 	The Attempted Synthesis of 1,2-Dihydropyrro1o2,3-c1pyridin-3-one 
This section of work deals with the work in the attempted synthesis of 1,2-
dihydropyrrolo[2,3-c]pyridin-3-one 74 via the FVP precursor 4-acetyl-3-azidopyridine 
190. Whilst the 'heteroindigotin' 70 has been previously synthesised via an intermediate 
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If successful, this synthesis would have gained insight into how the position of the 
nitrogen atom affects the properties of the 'heteroindoxyl', compared with the studied 
properties of 1 ,2-dihydropyrrolo [2,3 -b]pyridin-3 -one 75. 
No short pathways towards the formation of the azides 191 and 192 which may have 
generated the heteroindoxyls 72 and 73 by FVP could be devised, so no attempts were 
made for their syntheses. 
0 	 0 
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72H 191 3 	 73H 	 192 
2.2.2.1. 	The Attempted Synthesis of 4-Acetyl-3-azidopyridine 
The approach towards the synthesis of 4-acetyl-3-azidopyridine 190 involved using 
literature routes to 4-acetyl-3-chloropyridine 191. It was then hoped that nucleophilic 
substitution of the chloro group could be achieved using sodium azide. Whilst 
nucleophilic substitution at the 3-position of pyridines tends to be an unfavourable 
reaction, it was hoped that the electron withdrawing acetyl group would decrease electron 
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density at this position and promote the substitution reaction. In previous work a nitrile 
group has acted in this role for the displacement of chlorine from 3-
chloroisonicotinonitrile 193 by sodium azide to produce 3-azidoisonicotinonitrile 192, by 
heating in DMF for 8 h at 95 °C (Scheme 110). 10  
çci 
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N 	 N 
193 192 
Scheme 110 
The first step of the synthesis involved the generation of isonicotinonitrile- 1-oxide 194 by 
reaction of isonicotinontrile 193 with hydrogen peroxide, which proceeded in a yield of 
59% (Scheme 111), using the method previously used to synthesize 3-acetylpyridine-1-
oxide 169 from 3-acetylpyridine 168. 
oN- 




Reaction of isonicotinonitrile-1-oxide 193 with a mixture of phosphorus pentachioride 





chioroisonicotinonitrile 195, along with small amounts of the 2-chloro isomer 196.108  The 
desired compound 195 was purified by trituration in a yield of 62%. Whilst the reaction 
to give 196 is formally a nucleophilic substitution of hydrogen at the 2-position (Scheme 
112), a mechanism involving attack by chloride anion at the 4-position followed by attack 
at the 3-position and then loss of hydrogen chloride to yield 195 has been proposed 
(Scheme 113). 108  This unexpected reaction was rationalised by the electron withdrawing 
cyano group making the 4-position highly susceptible to nucleophilic attack. 
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The next step of the synthesis was Grignard reaction of 3-chloroisonicotinonitrile 195 
with methylmagnesium chloride to produce 4-acetyl-3-chloropyridine 191. However, 
despite this reaction being known in the literature, 107  replication of the stated reaction 
conditions of stirring at room temperature for 30 min followed by heating under reflux in 
THF for 1 h yielded a mixture still containing 3-chloroisonicotinonitrile 195 and 
significant amounts of unidentified side products. Changing the reaction time to 1 h at 
room temperature failed to prevent the unwanted side products, as did changing reaction 
solvent to ether. 
As this route failed to generate the desired 4-acetyl-3-azidopyridine 190, and other short 
syntheses towards 190 could not be devised the target 'heteroindoxyl' 74 was not 
synthesised. 
2.2.3. 	The Attempted Synthesis of 1,2-Dihydropyrrolo[2,3-b]quinolin-3-one 
To further investigate the properties of 'heteroindoxyls' based on six membered rings, it 
was decided to investigate systems containing a quinoline fused to the pyrrol-3-one ring. 
This section of work deals with the work to produce the pyrolysis precursor 4-
acetyltetrazolo[1,5-a]quinoline 197, and its subsequent FVP, which, whilst producing 
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This system was of particular interest, as the effect of adding a benzene ring onto the 
previously synthesized 1,2-dihydropyrrolo [2,3 -b]pyridin-3 -one 75 could be studied. 
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2. 2. 3. 1. 	Synthesis of Pyrolysis Precursors for 1,2-Dihydropyrrolo[2,3- 
b] quinolin-3-one 
1-(2-Chloroquinolin-3-yl)-ethanol 199 was synthesized by Grignard reaction of 2-
chloroquinoline-3-carboxaldehyde 200 with methyl magnesium chloride in a yield of 
82% by literature methods (Scheme 114). 109 The product was identified by comparison of 







The oxidation of 1-(2-chloroquinolin-3-yl)-ethanol 199 by PCC was then carried out by 
adapting a literature method. 109 This literature route suggested that 1.5 equivalents of 
PCC with 1 h stirring at room temperature was required to convert the alcohol to the 
desired ketone 201. However, the product produced by such conditions was shown by 'H 
NMR spectroscopy to be only Ca. 60% converted. Increasing the reaction time to 2 h led 
to 80% conversion, so the number of equivalents of PCC used was increased, and if two 
equivalents of PCC were used with 16 h stirring, complete oxidation took place to 
produce 3-acetyl-2-chloroquinoline 201 in a yield of 73% (Scheme 115). The product 
was identified by comparison with literature 'H NMR spectral data, 109 ' 3C NMR 
spectroscopy showing the presence of a carbonyl carbon (8 195.91) and mass 
spectroscopy showing the correct molecular ion, although the measured melting point 
(65-67 °C) was significantly lower than the literature value (75-76 oC) . 109 
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The final step in the synthesis of the pyrolysis precursor was the nucleophilic substitution 
of the chloride group by sodium azide. As this step had not been previously carried out 
for 201, the method used previously to convert 3-acetyl-2-chloropyridine 170 into the 
tetrazole 167 was adapted. Upon heating 3-acetyl-2-chloroquinoline 201 for 24 h as had 
previously been required to fully convert the pyridine analogue into the tetrazole, 
complete consumption of starting material was observed, although along with a major 
product (later shown to be the desired tetrazole 197) there were smaller peaks thought to 
be due to compounds obtained by the decomposition of the tetrazole group. The reaction 
time was then reduced to 4 h, which gave complete conversion to the tetrazole 197 with 
no decomposition products observed by 'H NMR spectroscopy (Scheme 116). The 
product was identified by 'H NMR spectroscopy showing the expected peaks, including a 
methyl group at ö 3.12, compared with the methyl group of 167 which had a chemical 
shift of 6 3.15. 13  NMR spectroscopy showed the correct number of peaks, and mass 
spectral data showedthe correct molecular ion, and a significant breakdown peak at (M - 
28) due to the loss of molecular nitrogen from the tetrazole group. As this appeared to be 
the first example of a crystalline pyridine or quinoline tetrazole with substitution only at 
the 4-position, an X-ray crystal structure of 197 was produced as shown in Figure 4, with 
bond lengths and angles listed in Appendix III. Comparison with the crystal structure of 
the 4,5-disubstitued quinolinotetrazole 202 showed no significant differences in bond 
lengths around the quinolinotetrazole moiety, 110 and the only bond angle to show 
significant difference was the C(4)-C(5)-C(5a) bond angle, which was measured as 
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The difference in reaction time between the pyridine system and quinoline one can be 
explained by comparing the intermediates formed after the azide group has attacked at 
109 
the C(2)-position and before the chioro group has been lost, 203 and 204. As can be seen, 
for the quinoline system the charge can be displaced around the fused benzene ring, 
leading to a more stabilised intermediate and therefore a faster rate of reaction compared 
to the pyridine system. 
C1 	 Cl 
203N3 	 204 N3 
2.2.3.2. 	Gas Phase Pyrolysis of 4-Acety1tetrazo1o1,5-a]quino1ine 
The pyrolysis of 4-acetyltetrazolo[1,5-a]quinoline 197 however did not proceed as 
anticipated, with 1,2-dihydropyrrolo[2,3-b]quinolin-3-one 198 not obtained as the major 
product. Instead, at temperatures of 500 °C and above the major product of the FVP was 
2-(cyanophenyl)-acetonitrile 205. This was isolated in yields of 46% by column 
chromatography from the pyrolysis of 197 at 750 °C, although by 'H NMR spectroscopy 
of the product mixture the conversion to 205 was shown to be 96%. This product was 
identified by comparison with its literature 'H NMR spectrum,"' whilst ' 3C NMR 
spectroscopy and mass spectral data were as expected. 
2-(Cyanophenyl)-acetonitrile 205 has previously been formed by the FVP of 
tetrazolo[1,5-a]quinoline 206. This pathway also produced 4-cyanoindole 207, via the 
proposed mechanism shown in Scheme 117, wherein the nitrene generated by the loss of 
dinitrogen from the tetrazole moiety inserts into the pyridine portion of the quinoline 
ring. Following this ring expansion, the ring under goes a contraction by extrusion of the 
other nitrogen. The ring can then be opened up to form the nitrene 208, which can then 
rearrange to form 2-(cyanophenyl)-acetonitrile 205, or ring close to produce 4-
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Scheme 117 
However, for the pyrolysis of 4-acetyltetrazolo[1,5-a]quinoline 197 no 4-cyanoindole 
207 was present. If this mechanism was followed, 2-acetyl-4-cyanoindole 209 could also 
be a possible product. Whilst this compound does not appear to have been synthesized 
previously, 2-acetylindole 210 is well known in the literature with the methyl group 
appearing at 6 2.55.' 12  No corresponding peak appears in any of the spectra of the 
pyrolyses of 4-acetyltetrazolo[1,5-a]quinoline 197. It is therefore proposed that the 
mechanism of pyrolysis of 4-acetyltetrazolo[1,5-a]quinoline 197 proceeds as that for 
tetrazolo[1,5-a]quinoline 206 via a insertion-extrusion mechanism to yield the nitrene 
211, by the same mechanism as 208 was generated. At this point, loss of ketene to yield 
205 becomes a far faster process than ring closure to produce 209 (Scheme 118). 
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Small amounts of the intended 1 ,2-dihydropyrrolo [2,3-b] quinolin-3-one 198 were 
produced, although this product was never isolated. The amount of 198 produced reaches 
a maximum with the FVP of 4-acetyltetrazolo[1,5-a]quinoline 197 carried out at 450 °C, 
at which point by 'H NMR spectroscopy the product mixture consists of 45% of 1,2-
dihydropyrrolo[2,3-b]quinolin-3-one 198, along with 53% of 2-(cyanophenyl)-
acetonitrile 205. At higher temperatures than this the formation of 2-(cyanophenyl)-
acetonitrile 205 becomes far more prominent, suggesting that the insertion-extrusion of 
the nitrene into the pyridine portion of the quinoline ring is the thermodynamic pathway 
after the nitrene has been generated. Although never isolated, 1 ,2-dihydropyrrolo[2,3-
b]quinolin-3-one 198 was shown to be present by leaving the product of the pyrolysis of 
4-acetyltetrazolo[1,5-a]quinoline .197 at 450 °C in CDC1 3 solution for three days. The 
resulting precipitate was filtered and analysed by mass spectrometry which showed a 
molecular ion of m/z 364, corresponding to the 'heteroindigotin' species 212, which 
would be expected to have been formed by the oxidative dimerization of 198. Although 
attempts to isolate 198 by column chromatography were made, these proved to be 
unsuccessful, which may have been due to dimerization to 212, which would be expected 
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to be highly polar and therefore would have a very long retention time on the column. As 
198 was never isolated from the FVP product mixture, the aromatic peaks of 198 could 
not be unambiguously identified by 'H NMR spectroscopy due to overlap with those of 
other products in the mixture, although the CH2 peak was present at 6 4.04 (compared 
with the CH2 peak of 1,2-dihydropyrrolo [2,3 -b]pyridin-3 -one 75 at 8 3.90). 
212 
For the FVP of 4-acetyltetrazolo[1,5-a]quinoline 197 carried out at 400 °C a different 
species was predominant. Previous temperature profiles produced in this report have 
indicated that isoxazole species are formed at lower temperatures than the indoxyls. 
Despite the attempted purification by column chromatography, the product was never 
isolated, so 'H NMR spectroscopy was unable to show the aromatic region due to overlap 
with the peaks of other products of the pyrolysis, although the methyl group was 
identified at 8 3.04 (compared with a chemical shift for 3-methylisoxazolo[3,4-b]pyridine 
174 of 6 2.82). As can be seen in the temperature profile for the pyrolysis of 4-
acetyltetrazolo[ 1 ,5-a]quinoline 197 (Graph 10) compared with the temperature profile of 
the pyridine analogue 167 (Graph 7) the temperature region over which the intermediate 
isoxazole is formed is much smaller, with the indoxyl species being formed at a much 
lower temperature in the quinoline system. This is thought to be due to the loss of 
aromaticity in both the benzene rings of the quinoline system which happens when going 
from 4-acetyltetrazolo [1, 5-a]quinoline 197 to 3 -methyl-2-oxa- 1,9-
diazacyclopenta[b]naphthalene 213 (Scheme 119). Whilst this loss of aromaticity may 
seem prohibitive, previous work in the literature has seen the formation of 3-
methylnaphth[2,3-c]isoxazole 214 by thermolysis of 2-acetyl-3-azidonaphthalene 215 
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Graph 10: Temperature profile Of FVP of 4-acetyltetrazolo[1,5-a]quinoline 197. Dotted 
line represents 4-acetyltetrazolo[1,5-a]quinoline 197, dashed line represents 3-methyl-2-
oxa-1,9-diaza-cyclopenta[b]naphthalene 213, solid line represents 1,2-
dihydropyrrolo[2,3-b]quinolin-3-one 198 and dashed/dotted line represents 2-
(cyanophenyl)-acetonitrile 205. 
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Graph 7: Temperature profile of FVP of 4-acetyltetrazolo[ 1 ,5-a]pyridine 167. Dotted 
line indicates 4-acetyltetrazolo[1 ,5-a]pyridine 167, solid line 3-methylisoxazolo[3,4-
b]pyridine 174 and dashed line 1 ,2-dihydropyrrolo[2,3-b]pyridin-3-one 75. 
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Scheme 120 
Also formed from the pyrolysis of 4-acetyltetrazolo[1,5-a]quinoline 197 was 3-acetyl-2-
aminoquinoline 216, which was isolated by column chromatography. This product was 
identified by mass spectrometry which showed the correct molecular ion at m/z 186, 'II 
NMR spectroscopy which showed a methyl group and five aromatic protons, and 13C 
NMR spectroscopy which showed a CH 3 peak, five CH peaks and four quaternaries (one 
of which was at a chemical shift of ö 199 indicating a carbonyl). From the mass 
spectrometry data it appeared that a product with the mass of the expected nitrene plus 
two hydrogen atoms had been formed, which along with the NMR data implied that a 
quinoline substituted with a primary amine and acetyl group was present. The presence of 
the amine group was confirmed by reaction of methoxymethylene Meidrum's acid 120, 
which reacted as expected at the amine position to produce 217 in a yield of 11% 
(Scheme 121). This product was identified by mass spectrometry showing the correct 
molecular ion, 'H NMR spectroscopy showing the expected peaks including a methylene 
proton with a characteristic coupling constant (13.3 Hz) to the amine signal, and 13 C 
NMR spectroscopy showing the expected number of quaternaries and CH peaks. 
However the possibility still existed that the product was the isomeric 1-(1-amino-
isoquinolin-3-yl)-ethanone 218. This could be formed by the nitrene undergoing an 
insertion-extrusion mechanism into the pyridine portion of the quinoline ring followed by 
quenching of the nitrene (Scheme 122). By comparing the observed chemical shifts of 
115 
non-carbonyl quaternaries of the produced compound (8 116.67, 121.96, 150.00 and 
156.07) with those measured for 2-aminoquinoline 219,114  isoquinolin-1-ylamine 220114 
and isoquinolin-3-ylethanone 221 11 5  identification was possible (as shown in Figure 5). 
As can be seen, for the isoquinoline compounds 220 and 221 the chemical shifts at the 
C(4a)- and C(8a)-positions lie where no corresponding peak exists for the unknown 
compound, showing it to be 3-acetyl-2-aminoquinoline 216. 
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Figure 5 
Although FVP reactions tend to proceed via intramolecular mechanisms, the hydrogen 
atoms gained for the amine must have come from an intermolecular source. Such 
reactions have previously been observed,' 6 whereby the tetrazole 222 underwent FVP to 
yield aniline 10 and azobenzene 223 (Scheme 123). The reaction is postulated to proceed 
via an intrusion-extrusion mechanism to yield the nitrene 224, which can then dimerise or 
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As the amount of 3-acetyl-2-aminoquinoline 216 formed in the temperature profile of the 
pyrolysis of 4-acetyltetrazolo[1,5-a]quinoline 197 did not appear to fit any apparent 
trend, it was decided to investigate if its formation was due to the rate at which reactant 
was passing through the furnace tube of the FVP equipment. To investigate this, multiple 
pyrolyses were carried out at 450 °C using the same amount of 4-acetyltetrazolo[1,5-
a]quinoline 197, but the time of pyrolysis was changed by altering the inlet temperature. 
With decreasing pyrolysis time the amount of reactant in the furnace of the FVP 
apparatus increases, thus increasing the number of intermolecular collisions occurring. 
The product mixture was then analysed by 'H NMR spectroscopy and the amount of 3-
acetyl-2-aminoquinoline 216 relative to 2-(cyanophenyl)-acetonitrile 205 was measured 
by comparing the size of the CH2 peak of 205 and the CH3 peak of 216, with the results 
shown in Graph 11. As can be seen, the amount of 3-acetyl-2-aminoquinoline 216 formed 
increases with the rate of flow. As the formation of 2-(cyanophenyl)-acetonitrile 205 is 
dependant on other factors apart from pyrolysis temperature, it was not included on the 
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Graph 11: Plot of ratio of 3-acetyl-2-aminoquinoline 216 relative to 2-(cyanophenyl)-
acetonitrile 205 formed against time of pyrolysis. 
In conclusion, it can be seen that the addition of the extra benzene ring makes the FVP of 
4-acetyltetrazolo[1,5-a]quinoline 197 a far more complex process than the pyrolysis of 4- 
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acetyltetrazolo[1,5-a]pyridine 167. This may be due to the fact that the loss of 
aromaticity when the nitrene inserts into the pyridine ring is less important in the 
quinoline case than for the pyridine example, due to the extra fused benzene ring. 
2.2.4. 	The Attempted Synthesis of 1,2-Dihydropyrrolo[3,2-c]quinolin-3-one 
This section of work deals with the production of the pyrolysis precursor 3-acetyl-4-
azidoquinoline 225, and its subsequent FVP, which was not observed to produce 1,2-






This system was a particularly attractive synthetic target, as 4-chloroquinoline-3-
carboxaldehyde 227 was available in one easy step from commercially available starting 
materials, after which methodologies previously applied in the synthesis of 4-
acetyltetrazolo[1,5-a]quinoline 197 could be applied. 
2.2.4.1. 	The Synthesis of 3-Acetyl-4-azidoquinoline 
The first step in the synthesis of 3-acetyl-4-azidoqinoline 225 was the synthesis of 4-
chloroquinoline-3-carboxaldehyde 227 using a literature method, 117 by Vilsmeier reaction 
of o-aminoacetophenone 95 with phosphoryl chloride and DMF in a yield of 40% 
(Scheme 124). The product was identified by comparison with its 'H NMR spectrum,"' 
whilst ' 3C NMR spectroscopy and mass spectral data were consistent with this structure. 
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4-Chloroquinoline-3 -carboxaldehyde 227 was then reacted with methylmagnesium 
chloride to give 1-(4-chloroquinolin-3-yl)-ethanol 228 in a yield of 77% (Scheme 125), 
using the method previously used for the isomeric quinoline system (see Section 2. 2. 3. 
1.). The product was identified by 'H NMR spectroscopy showing the product having no 
aldehyde resonance, but the presence of a methyl group split into a doublet and a 
corresponding quartet from the adjacent proton, along with the expected five signals from 











Whilst oxidation of the isomeric 1-(2-chloroquinolin-3-yl)-ethanol 199 was carried out 
successfully using PCC as the oxidation agent, when this method was applied to 1-(4- 
chloroquinolin-3-yl)-ethanol  228 only a small amount of product was recovered (Ca. 
10%). When this product was analysed by 'H NMR spectroscopy it gave a complex 
spectrum, which did not appear to contain any of the desired product. Manganese dioxide 
was used as an oxidation agent instead, which after 3 h reflux in toluene yielded 3-acetyl-
4-chloroquinoline 229 in a yield of 62% (Scheme 126). This product was identified by 'H 
NMR spectroscopy, which showed a singlet methyl peak along with the five protons from 
the quinoline ring. 13C -NMR spectroscopy and mass spectrometry results further 








The first attempt at formation of 3-acetyl-4-azidoquinoline 225 used the method 
previously employed for the generation of 4-acetyltetrazolo[1,5-a]quinoline 197 and 4-
acetyltetrazolo[1,5-a]pyridine 167 from the related chloro compounds. However, after 
work up and purification of the major product by column chromatography it was seen 
that the reaction had instead produced 3-acetylquinolin-4-one 230 in 50% yield (Scheme 
127). This product was identified by mass spectrometry showing a molecular ion of m/z 
187 (rather than the expected m/z of 212 for 3-acetyl-4-azidoquinoline 225), and by 
comparison with its literature 'H NMR spectrum and melting point.' 9 This product is 









Instead, a method used previously to form 4-azidoquinoline 231 from 4-chioroquinoline 
232 by heating with sodium azide in DMSO (Scheme 128) was adapted. 120  After 
optimization of conditions, 3-acetyl-4-azidoquinoline 225 was synthesized in a yield of 
57% by heating 3-acetyl-4-chloroquinoline 229 with three equivalents of sodium azide at 
60 °C for 2.5 h (Scheme 129). The product was identified by mass spectrometry which 
gave the correct molecular ion along with a peak at (M - 28), which is distinctive of loss 
of molecular nitrogen from the azide group. 'H and ' 3C NMR spectroscopy showed the 
retention of the acetyl and quinoline moieties. 
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Scheme 129 
During the optimization of the reaction for formation of 3-acetyl-4-azidoquinoline 225 it 
was observed that heating for longer times led to the formation of another product. By 
heating 3-acetyl-4-chloroquinoline 229 with three equivalents of sodium azide at 60 °C 
for 8 h, a compound could be isolated by column chromatography which was neither 
starting material 229 nor the azide 225. By mass spectrometry the product was shown to 
have a molecular ion of 212, which was equal to that of 3-acetyl-4-azidoquinoline 225, 
along with a major breakdown peak of (M - 28), indicative of loss of molecular nitrogen. 
'H NMR spectroscopy showed the CH3 group from the acetyl to absent, but a singlet CH 
to be present at 5 7.12, along with the five proton signals expected from the quinoline 
ring. ' 3C NMR spectroscopy showed a CM peak at an unusual value of ö 53.87. This 
particularly low value is characteristic of diazoketones such as 2-diazo- 1 -phenylethanone 
233, which has the corresponding carbon signal at 8 
539•12l  This, along with the 
previously discussed data, suggests that 1-(4-aminoquinolin-3-yl)-2-diazo-ethanone 234 
had been formed in a yield of 24% (Scheme 130). This product is presumably formed 
from 3-acetyl-4-chloroquinoline 229 by first forming 3-acetyl-4-azidoquinoline 225, 
which then undergoes intramolecular diazo transfer. Whilst intermolecular diazo transfer 
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To confirm this structure further pyrolysis of 1 -(4-aminoquinolin-3-yl)-2-diazo-ethanone 
234 was examined. If the structure assigned was correct, loss of nitrogen would produce a 
nitrene which would be expected to undergo Wolff rearrangement  123  followed by ring 
closure. Recent work on the pyrolysis of diazoketones in the gas phase has seen 235 
undergo FVP at 400 °C to produce 236 rather than 237, which would be observed if no 
Wolff rearrangement took place (Scheme 131). 124  It was therefore expected that pyrolysis 
of 1-(4-aminoquinolin-3-yl)-2-diazo-ethanone 234 would produce only 1,3-
dihydropyrrolo[3,2-c]quinolin-2-one 238. Indeed, the FVP of 1-(4-aminoquinolin-3-yl)-
2-diazo-ethanone at 450 °C 234 yielded only one product. 'H and ' 3 C NMR spectroscopy 
and mass spectrometry results were all consistent with the structure of 238, although they 
also fitted the structure of 1 ,2-dihydropyrrolo[3,2-c]quinolin-3-one 239 which could have 
been formed if ring closure had occurred before Wolff rearrangement had proceeded. 
Comparison of the chemical shift of the CH2 peak in the ' 3C NMR spectrum of the 
product (observed 8 34.54) with that of 1H-indol-2(21f)-one 29 (8 36.19)26  and indoxyl 2 
(6 54.08) showed that structure 238 was be correct. Further proof was obtained by 
123 
NOESY NMR experiment, whereby the CH2 peak showed a correlation to the singlet 
peak corresponding to proton at H(4), which could only be observed if the CH2 peak was 
at the 3-position of the molecule. Thus it was seen the FVP of 1-(4-aminoquinolin-3-yl)-
2-diazo ethanone 234 produced 1 ,3-dihydropyrrolo[3,2-c]quinolin-2-one 238 in a yield of 
73% (Scheme 132). The NOESY experiment also showed a through space interaction 
between the NH peak and the proton signal at 8 8.12 showing this to be H(9). A COSY 
experiment was used to identify the remaining proton signals around the aromatic ring, 
whilst a HSQC experiment was used to identify the CH peaks observed by ' 3C NMR 
spectroscopy, as shown in Table 21. 
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Position 'H Chemical Shift ' 3 C Chemical Shift 
3 3.79 34.54 
4 8.66 145.27 
6 7.97 129.07 
7 7.73 122.17 
8 7.58 125.17 
9 8.12 129.09 
Table 21: 'H and ' 3C chemical shifts for 1,3-dihydropyrrolo[3,2-c]quinolin-2-one 238. 








2. 2. 4. 2. 	Gas Phase Pyrolysis of 3-Acetyl-4-Azidoquinoline 
FVP. of 3-acetyl-4-azidoquinoline 225 proceeded similarly at low temperatures to that 
previously observed for the benzene and pyridine analogues (See Sections 2. 1. 1. 2. and 
2. 2. 1. 2.). Over a temperature range of almost 200 °C between 300 °C and 500 °C, 3-
methylisoxazolo[4,3-c]quinoline 240 was produced cleanly in a yield of 73% (Scheme 
133). 'H and ' 3C NMR spectroscopy along with mass spectral data fitted the expected 
structure of the isoxazole, with a chemical shift of ö 2.91 from the methyl signal observed 
(compared with that of 8 2.82 for the pyridine analogue 167). 





However at higher furnace temperatures, the 'H NMR spectrum of the resulting product 
mixture was very complex, with no products identifiable (Figure 6 shows the aromatic 
region of the spectrum of a 600 °C FVP of 3-acetyl-4-azidoquinoline 225). Despite 
attempted separation of the components of the product mixture by column 
chromatography, none were isolated. It is thought that this complex mixture is due to the 
possibility of ring insertion of the nitrene (as seen for the FVP of 4-acetyltetrazolo[1,5-
a]quinoline 197), with a variety of possible reaction mechanisms asides from the 
insertion of the nitrene into the CH bond of the acetyl group. This again shows that the 
addition of a fused ring onto the aromatic system that the nitrene is generated onto adds 
complications to the pyrolysis. 
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Figure 6: 'H NMR spectrum of aromatic region of FVP of 4-azido-3-acetylquinoline 225 
The temperature range over which 3-methylisoxazolo[4,3-c]quinoline 240 is formed is 
larger than that observed in the previously discussed benzene (Section 2. 1. 1. 2.) pyridine 
(Section 2. 2. 1. 2.) and isomeric quinoline (Section 2. 2. 3. 2.) systems. Compared with 
the benzene and pyridine examples, an extra aromatic ring stays intact thus stabilizing the 
isoxazole. In the isomeric quinoline example 213, formation of the isoxazole leads to loss 
of aromaticity in the fused benzene ring which decreases its stability compared with the 
other systems. 
Although only one 'heteroindoxyl' wherein the benzene ring of indoxyl 2 has been 
replaced by a six membered heteroaromatic system has been synthesized and studied, 
much new insight has been gained into the pyrolysis of adjacently positioned azido acetyl 
aromatic systems. In particular, it has been observed that the addition of an extra fused 
benzene ring leads to a greater number of possible pyrolytic processes. 
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2. 3. 	Five Membered 'Heteroindoxyls' 
This chapter details the synthesis and chemistry of 'heteroindoxyls' where the 
benzene ring of indoxyl 2 has been replaced by a five membered aromatic ring. Also 
included are attempted syntheses that have produced new scientific data, even though 
production and study of the desired 'heteroindoxyl' was not achieved. 
2. 3. 1. 	The Synthesis and Chemistry of 4,5-Dihydrothieno[3,2-b]pyrrol-6- 
one 
This section of work details the synthesis and pyrolysis of 2-acetyl-3-azidothiophene 
241, and the chemistry of 4,5 -dihydrothieno[3,2-b]pyrrol-6-one 242. 
H N 3 
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2. 3. 1. 1. 	The Synthesis of Pyrolysis Precursors of 4,5_Dihydrothieno3,2- 
b] pyrrol-6-one 
Literature methods have already been established to synthesise 2-acetyl-3-
azidothiophene 241 from commercially available starting materials. 125,126,12' The first 
step was the synthesis of mercaptoacetone 243 by reaction of chloroacetone 244 with 
sodium hydrosulfide, which proceeded in a yield of 63% (Scheme 134). The product 
was identified by comparison with literature melting point and 'H NMIR 
spectroscopy. 125 The 'H NMR spectra of mercaptoacetone 243 are complicated as the 
product also exists in the dimeric form 243a. 
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Scheme 134 
Mercaptoacetone 243 then underwent ring closure with chloroacrylonitrile 245 in the 
presence of base to produce 2-acetyl-3-aminothiophene 246 in a yield of 51% by 
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The final stage of the synthesis of the FVP precursor was diazotisation of 2-acetyl-3-
aminothiophene 246 followed by reaction with sodium azide to produce 2-acetyl-3-
azidothiophene 241, which proceeded in a yield of 61% (Scheme 136) using the same 
method previously used to form o-azidoacetophenone 22 from o-aminoacetophenone 
95. The product was identified by comparison with literature melting point and 'H 
NMR spectroscopy. 127 
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Scheme 136 
2.3.1.2. 	Gas Phase Pyrolysis of 2-Acetyl-3-azidothiophene 
The FVP of 2-acetyl-3-azidothiophene 241 proceeded as had previously been 
observed for the benzene and pyridine analogues to produce isoxazole and indoxyl 
type products depending on the furnace temperature (see Sections 2. 1. 1. 2. and 2. 2. 
1. 2.). At intermediate temperatures the product formed was 3-methylthieno[3,2-
c]isoxazole 247, which was recovered by column chromatography in a yield of 51% 
from the product mixture of a FVP of 2-acetyl-3-azidothiophene 241 at 350 °C 
(Scheme 137). The product was identified by 'H NMR spectroscopy showing signals 
for two thiophene peaks and a methyl peak (at ö 2.61 compared with 8 2.72 for the 
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benzene analogue 3-methylbenz[c]isoxazole 23), whilst ' 3C NMR spectroscopy and 
mass spectrometry further confirmed this structure. The spectra produced 
corresponded with literature data that had previously been tentatively assigned to 3-
methylthieno[3,2-c]isoxazole 247,127 which had been produced by solution phase 
pyrolysis of 2-acetyl-3-azidothiophene 241 in toluene. The product from the solution 
phase route was recovered in a crude yield of 74%, which also included 2-acetyl-3-
aminothiophene 246 (Scheme 138). After purification, 3-methylthieno[3,2-
c]isoxazole 247 was recovered in a yield of 5%, which gave only a poorly resolved 'H 
NMR spectrum. 127 
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Only three examples of 5,6-unsubstituted thieno[3,2-c]isoxazoles appear in the 
literature, 127, 128 and as these have not been fully characterised by NMR spectroscopic 
methods, this was carried out for 3-methylthieno[3,2-c]isoxaZole 247. As the C(6)-
position will be electron rich due to the conjugated sulfur atom it will be expected to 
correlate to the CH in the ' 3C NMR spectrum at 6 111.63, and hence C(S) must be 6 
140.64. A HJVIBC experiment showed that H(5) and H(6) show long range 
interactions to both the quaternaries at 6 170.34 and 6 115.74. As these signals must 
correspond to the C(3a) and C(6a)-positions, this means the only remaining 
quaternary at 6 160.06 must correspond to C(3). Long range coupling from the methyl 
group showed a strong coupling to the signal at 6 115.74, but only a weak coupling to 
the signal at 6 170.34, showing the former to be C(3a) and the latter C(6a). The full 
characterisation results are shown in Table 22. 
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Table 22: Complete NMR characterisation of 3-methylthieno[3,2-c] isoxazole 247 
Position 'H Chemical Shift ' 3C Chemical Shift 
3 160.06 
3a 115.74 
5 7.49 140.64 
6 6.42 111.63 
6a 170.34 
7 2.61 12.08 
247 
At higher pyrolysis temperatures the indoxyl analogue 4,5-dihydrothieno[3,2- 
b]pyrrol-6-one 242 was obtained in a yield of 61% (Scheme 139). The product was 
identified by 'H NMR spectroscopy which showed the two thiophene protons, a CH2 
peak and a NH peak which corresponded to the expected structure. Similarly, ' 3C 
NMR spectroscopy showed the expected number of quaternary and CH peaks, whilst 
mass spectrometry showed the correct molecular ion. As the only previous 
synthesised thieno[3,2-b]pyrrole-6-one systems also feature a carbonyl moiety at the 
5-position, 129  a full NMR characterisation of this compound was undertaken. A 
HMBC experiment showed that the two thiophene protons showed long range 
coupling to the two quaternaries at ö 116.30 and 6 175.04, indicating that the only 
other quaternary signal, 8 190.19 must correspond to C(6). Previous studies on pyrrol- 
3-one systems have shown in 'H coupled 13C NIMR spectra no long range coupling to 
be observed from the CH 2  peak to the 4-position, but coupling is observed from the 
CH2 peak to the 5-position (Figure 
7)•130  As the CH2 signal for 106 shows long range 
coupling to the quaternaries at 8 190.19 and 6 175.04 this shows that C(3a) must be ö 
175.04, and therefore as the only remaining unassigned quaternary C(6a) must be 
116.30. As the C(2)-position will be electron poor due to the conjugated carbonyl it is 
likely to be the CH peak at ö 143.87. Full characterisation details are shown in Table 
23 
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Table 23: Full NMR characterisation data for 4,5-dihydrothieno[3,2-b]pyrrol-6-one 
Position 1 H Chemical Shift ' 3C Chemical Shift 
2 7.85 143.87 
3 6.68 113.65 
3a 175.04 
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A temperature profile for the pyrolysis of 2-acetyl-3-azidothiophene 241 was then 
produced, as was previously performed for 22 and 167, by carrying out the FVP at 
varying furnace temperatures and analyzing the resulting product mixture by 'H NMR 
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Graph 12: Temperature profile of pyrolysis of 2-acetyl-3-azidothiophene 241. Dotted 
line indicates 2-acetyl-3-azidothiophene 241, solid line 3-methylthieno[3,2- 
c] isoxazole 247 and dashed line 4,5-dihydrothieno[3,2-b]pyrrOl-6-one 242. 
As can be seen, the temperature region over which 3-methylthieno[3,2-c]isoxazOle 
247 is formed is narrower than for the benzene and pyridine analogues (Graphs 1 and 
7, reproduced below), with complete conversion to 4,5-dihydrothieno[3,2-b]pyrrol-6- 
one 242 achieved at 550 °C compared with 650 °C for the benzene analogue. 
Similarly, formation of the indoxyl analogue begins at 300 °C for the thiophene 
system but at 400 °C for the benzene. This inferred relative instability of 3- 
methylthieno[3,2-c]isoxazole 247 may be due to two reasons. The generation of a 5,5 
ring system will lead to angle strain between the two fused rings causing 3- 
methylthieno[3,2-c]isoxazole 247 to be unstable. However, as seen later in Section 2. 
3. 3. 2., the benzothiophene analogue, 3-methylbenzo[b]thiophene[3,2-c]isOXaZOle 
248 is stable over a larger range of pyrolysis temperatures suggesting this not to be 
the case. An alternative theory is that whilst for all three systems a loss of aromaticity 
occurs, the stability of the isoxazole intermediate increases in the order of thiophene, 
benzene then pyridine, which suggests increasing ability for acceptance of electron 
density by the fused ring stabilises the isoxazole. For the benzothiophene analogue 
however, complete loss of aromaticity does not occur upon formation of the 
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Graph 1: Temperature profile of FVP of o-azidoacetophenone 22. iiottea line 
indicates o-azidoacetophenone 22, solid line 3-methylbenz[c]isoxazole 23 and dashed 
line indoxyl 2. 
Graph 7: Temperature profile of pyrolysis of 4-acetyltetrazoloj1,5-ajpyridine 167. 
Dotted line indicates 4-acetyltetrazolo[1,5-apyridine 167, solid line 3-




2. 3. 1. 3. 	Properties of 4,5_Dihydrothienol3,2-blpyrrole-6-one: Tautomerism 
Tautomerism studies were carried out on 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 in 
various solvents, by dissolving a sample in the relevant deuteriated solvent, and 
comparing the ratios of enol to keto tautomers present by 'H NMR spectroscopy. The 
samples were re-analysed several hours later to ensure that equilibration had occurred. 
Whilst 4,5-dihydrothieno[3,2-b]pyrrol-6-One 242 behaved like the benzene and 
pyridine analogues in CDC13 and existed entirely as the keto tautomer, in DMSO at 
equilibrium it existed only as 20% enol, compared with the other systems which were 
100% enol. Table 24 shows the tautomeric mixtures analysed by 'H NMR 
spectroscopy of 4,5-dihydrothieno[3,2-b]pyrrol-6-One 242 in a variety of solvents, as 
well as the previously measured values for 2 and 75. As can be seen, compared with 
the previous systems studied, the keto form is far preferred. This is thought to be due 
to the enol tautomer of 242 having two electron rich 671 five membered aromatic 
systems fused together. This is more destabilising than for the benzene and pyridine 
analogues where the newly formed 67t five centre 3-hydroxypyrrole ring is fused to a 
61 six centre aromatic system. Therefore 4,5-dihydrothieno[3,2-b]pytTol-6-one 242 
becomes inherently more favoured due to the destabilisation upon taking on the enol 
tautomer. 
Solvent Ratio 	of 	Keto 
:Enol for 242 
Ratio 	of 
Keto:Enol for 2 
Ratio 	of 
Keto:Enol for 75 
CDCI3 >95:5 >95:5 >95:5 
[2H6]-Acetone >95:5 33:67 >95:5 
[2H4]-Methanol >95:5 5:95 92:8 
[2 H3]-Acetonitrile >95:5 82:18 
[2H6]-DMSO --T-80 - 20 <5:95 <5:95 
Table 24: Ratio of keto to enol tautomers for 4,5dihydrotn,enoi,2-bJpyrrOI-O-One 
242, indoxyl 2 and 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 present in various 
solvents 
For the spectra of 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 in [2H6]-acetone, after 7 h 
NMR spectroscopy showed the formation of a second species. At first, this was 
thought to be the enol tautomer forming. However, as the amount of the second 
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species increased, and no signal corresponding to the H(2)-position was visible it 
became apparent this was not the case. After 24 h in solution, the CH 2 signal had 
completely disappeared, so the solvent was removed, and mass spectrometry of the 
residue showed a dominant peak at mlz 185, corresponding to the condensation 
product 249, formed from 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 and [ 2H6]-
acetone (Scheme 140), whilst the resulting 'H NMR spectra showed only the two 
doublets from the thiophene protons. 
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Scheme 140 
2.3.1. 4. 	Properties of 4,5Dihydrotbieno[3,2-b]pyrrOle-6-Ofle Deuterium 
Exchange 
To measure the rate of exchange of the H(2) protons of 4,5-dihydrothieno[3,2- 
b]pyrrol-6-one 242, a sample was dissolved in [2H4]-methanol and kept at 25 °C. 'H 
NMR spectra were recorded at regular intervals, and the size of integral of the CH2 
peak compared with those of the two thiophene peaks, as shown in Graph 13. These 
measurements gave an approximate half life of 5 h, which is faster than the exchange 
for indoxyl 2 which was measured at approximately 7 h. After 25 h in solution, full 
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Graph. 14: Plot of deuterium exchange at CH 2 position of 4,5-dihydrothienol3,2-
blpyrrol-6-one 242 in [21-14]-methanol 
2.3.1.5. 	Competitive Deuterium Exchange Reactions Between Indoxyt, 1,2- 
Dihydropyrrolo[2,3-b] pyridin-3-one and 4,5-dihydrothieno[3,2-b] pyrrol-6-one 
To investigate the comparative rates of deuterium exchange for the three indoxyl type 
systems, it was necessary to carry out competitive deuterium exchange reactions. This 
negated the effect that in isolated solution self catalysis could be accelerating (or 
decelerating) the rate of exchange, whereas in mixed solution any catalytic effect 
would affect all species in solution. 
Small amounts (ca. 15 mg) of two of the FVP precursors were pyrolysed 
simultaneously, and dissolved in [2H4]-methanol. Due to the complexity of the 
aromatic region in the 'H NIMR spectrum of these mixtures, a small amount of p-
dinitrobenzene was also added and the size of the H(2) peaks were measured over 
time relative to this. The amount of unexchanged protons were then calculated as a 
percentage relative to the p-dinitrobenzene peak. As formation of any indigotin 
species would also diminish the size of the H(2) peak, the assumption was made that 
oxidative dimerization proceeded at the same rate for all indoxyl-type species. All 
samples were stored at 25 °C. 
The first indoxyls compared were indoxyl 2 and 4,5-dihydrothieno[3,2-b]pyrrol-6-one 
242, with the rates shown in Graph 15. As can be seen, the rate of exchange is very 
similar, although it is slightly faster for the thiophene analogue. This result is very 
similar to the observed individual deuterium exchange rates for 2 and 242 (see 
Section 2. 3. 1. 4.). However, the measurements for indoxyl 2 only take into account 
the size of the keto CH 2  peak, and not the small amount of the enol tautomer present 
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(due to the singlet for the H(2)-position overlapping in the 'H NMR spectra with other 
aromatic signals). As the equilibrium between keto and enol tautomers takes a few 
hours to be established from an initial mixture that is 100% keto, the indicated amount 
of unexchanged hydrogen is actually too high, such that the rate of exchange is 
actually marginally lower than indicated. There is no evidence for 4,5- 
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Graph 15: Plot of deuterium exchange for the competitive exchange of indoxyl 2 and 
4,5 -d ihydrothieno[3,2-b]pyrrol-6-ofle 242 in [2H4}-methanol. Solid line represents 
indoxyl 2 and dotted line represents 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242. 
A competitive exchange reaction was also carried out between 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242 and 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75. However, due to 
the general instability of 75 (see Section 2. 2. 1. 4.), the baseline especially in the 
aromatic region where the H(2) peak from the mainly enol form of 75 was present 
became very complex, and as such accurate integral measurements became very 
difficult. Problems also arose due to the proximity of the peaks for H(2) of 1,2-
dihydropyrrolo[2,3-b]pyridin-3-one 75 and the H(3) of 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242. Although accurate measurements were not possible, it was 
observed that for 4,5-dihydrothieno[3 ,2-b]pyrrol-6-one 242 almost complete 
exchange had occurred in 4 h, whilst during the same period of time only Ca. 50% 
exchange had occurred for I ,2-dihydropyrrolo[2,3-b]pyridin-3-Ofle 75. 
Competitive reactions were not carried out between indoxyl 2 and 1,2- 
dihydropyrrolo[2,3-b]pyridin-3-one 75, as it was observed that the aromatic protons 
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from indoxyl 2 would overlap with the H(2) signal for 1,2-dihydropyrrolo[2,3-
b}pyridin-3-one 75 in its 'H NMR spectrum when measured in [2H4]-methanol. 
However, by comparing the relative rates of these two species relative to 4,5-
dihydrothieno[3,2-b]pyrrol-6-one 242 in the competitive reactions it can be expected 
that indoxyl 2 would be the faster. 
These results suggest that although 242 does not stay in the enol form in methanol, it 
undergoes more rapid conversions than 2 and 75. 
2.3.1.6. 	Properties of 4,5DihydrothienoL3,2-b]pyrro1e-6-Ofle Studies in 
TFA 
A sample of 4,5-dihydrothieno[3,2-b]pyITol-6-One 242 was dissolved in TFA, in 
which it was observed to be stable. 'H and ' 3C NMR spectra were measured for this 
protonated form 242b, with the changes in the 'H spectrum shown in Table 25 and the 
changes in ' 3C NMR spectrum shown in Table 26. For ease of comparison with the 
indoxyl species, the protonated version of 4,5 -dihydrothieno[3 ,2-b]pyrrol-6-one 242b 
has been renumbered for this section: 
2 MIP 
242b 
Peak Assignment CH2 H(2) H(3) 
H (CDC1 3) 4.24 7.85 6.68 
6H (TFA) 5.05 (+0.81) 8.56 (+0.71) 6.88 (+0.20) 
of 4,5 -dihydrothieno[3,2-b]pyrrol-6-Ofle 242, with differences upon protonation in 
brackets 
Table 25: Comparison of 1 H chemical shifts for protonated and non-protonated forms 
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Peak Assignment C(2) C(3) C((x') C((x) C(13) C(P') 













forms of 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242, with differences upon protonation 
in brackets. The assignments for the TFA solutions of C((t') and C(1 3) could not be 
easily confirmed, so may be reversed. 
Table 27 shows the differences in ' 3C chemical shifts observed for the non-protonated 
and protonated forms for indoxyl 2, 4,5-dihydrothieno[3,2-b]Dyrrol-6-One 242 and the 
two simple pyrrolones 106 and 107. As can be seen, major differences exist in the 
direction and magnitude of these shifts between the systems 2 and 242. However, 
comparison of the change in shifts for the pyrrol-3-ones 106 and 107, shows good 
correlation for 4,5-dihydrothieno[3,2-b]pYrrOl-6-one 242 in terms of both magnitude 
and direction of shifts. The differences between indoxyl 2 and 106 and 107 was 
assigned to the loss of aromaticity caused by delocalisation of the charge around the 
benzene ring, and although this process occurs for the thiophene analogue 242 
(Scheme 141), the aromatic resonance energy for thiophene is significantly less than 
for benzene, such that protonation of 4,5-dihydrothieno[3,2-b]pyrrOl-6-one 242 leads 
to a system with more in common with the character of the pyrrolones 106 and 107. 
C(&) CO 
Indoxyl 2 -16.32 -5.09 +5.41 
4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 +7.3 -12.7 -0.5 
1 -t-Butylpyrrol -3 -one 106 +7.46 -11.87 +1.73 
1-Phenylpyrrol-3-one 107 +10.58 -10.24 -1.46 
protonated forms of indoxyl 2 and 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 and the 
simple pyrrol-3-ones 106 and 107. 
Table 26: Comparison of ' 3C chemical shifts for protonated and non-protonated 
Table 27: Comparison of change in ' 3C chemical shifts between neutral and 
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Scheme 141 
2.3.1.7. 	Reactions of 4,5Dihydrothieno[3,2-b]pyrrOIe-6-One: Oxidative 
Dimerisation 
Oxidative d imeri sation of 4,5 -dihydrothieno[3,2-b]pyrrOl-6-Ofle 242 proceeded using 
potassium ferricyanide in pH 7 phosphate buffer, as had previously been established 
for the production of indigotin 1 from indoxyl 2 (see Section 2. 1. 1. 8.), to form 
4H,4'H-[5, 5 ']bi[thieno { 3 ,2-b} pyrrolylidene]-6,6'-dione 250 which was recovered in a 
yield of 53% (Scheme 142). Due to the insolubility of the product, it was only 
characterised by mass spectrometry and UV-vis spectroscopy. 
O 
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Scheme 142 
The indigoid 250 had Amax values of 577 nm (DMSO) and 570 nm (DMF) showing a 
hypsochromic shift relative to indigotin 2 [? max(DMS0) 620 nm]. The colour of 250 
is likely to be caused by the chromophore 250a, and the hypsochromic shift implies 
destabilisation of this chromophore 250a. However, as the negative charge from the 
electron donating sulfur atom in the thiophene ring has two routes to interact with the 
pyrrolone portion of the molecule [delocalisation of the thiophene lone pair onto the 
S-C(2) bond or S-C(6a) bond], the negative charge can be delocalised all around the 
141 
ring as shown in structure 250b. Thus the electron density-can be placed to stabilise 
the electron deficient amine (structure 250c), or destabilise the electron rich carbonyl 
(structure 250d). As the hypsochromic shift implies a destabilisation of the 
chromophore 250a, it is suggested that the destabilisation caused by the negative 
charge being delocalised at the C(6a)-position is greater than the stabilisation caused 




















2.3.1.8. 	Reactions of 4,5Dihydrothieno[3,2b1pyrrO1e-6-Ofle: Acylation 
Previous acylation studies on indoxyl 2 (see Section 2. 1. 1. 10.) have shown that 
acylation under neutral conditions proceeds only at the N-position, but diacylation 
occurs rapidly under basic conditions. Heating of 4,5 -dihydrothieno[3,2-b]pyrrol-6-
one 242 with acetic anhydride for 5 minutes similarly produced 4-acetyl-4,5-
dihydrothieno[3,2-b]pyrrol-6-ofle 251 in a yield of 98% (Scheme 143). The product 
was identified by mass spectrometry which showed mono-acylation to have occurred. 
'H NMR spectroscopy showed the CH2 (6 4.56) and thiophene peaks (6 7.69 and 6 
7.94) to still be present, hence the nitrogen position is the only site where acylation 
could have occurred. A new CH 3  peak associated with the acyl group was also present 
at 6 2.25, compared with 62.22 for 1-acetylindoxyl 41. 







2. 3. 1. 9. 	Reactions 	of 	4,5-Dihydrothieno[3,2-bjpyrrole-6-one: 
'Meidrumsation' Reactions 
4,5 -dihydrothieno[3,2-b]pyrrol-6-one 242 reacted with methoxymethylene Meldrum 'S 
acid 120 to produce 2,2-dimethyl-5-(6-oxo-5 ,6-dihydrothieno[3,2-b]pyrrol-4-
ylmethylene)-[1,3]dioxane-4,6-dione 252 in a yield of 37% (Scheme 144). The 
product was identified by mass spectrometry showing the correct molecular ion, and 
with 1 H NMR spectroscopy showing the CH2 and thiophene peaks remaining, hence 
'Meidrumsation' must have occurred at the nitrogen position. 
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Scheme 144 
Attempted pyrolysis of 252 failed to yield any significant product due to the 
compounds involatility. Pyrolysis of 60 mg of 252 yielded only 7 mg of product, 
whose 'H NMR spectrum gave no recognisable peaks. 
2. 3. 1. 10. 	Reactions of 4,5_Dihydrothieno[3,2-b]pyrrOle-6-one: Reactions at 
C(2)-position: Reaction with DMAD 
As with indoxyl 2, 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 underwent a Michael 
reaction with DMAD, which produced dimethyl 2-[6-oxo-4,6-dihydrothienO[3,2-
b]pyrrol-(5Z)-ylidene}-succiflate 253 in a yield of 30% (Scheme 145). The product 
was identified by mass spectrometry showing the correct molecular ion to be present, 
along with two new methyl groups present in the compounds 'H NMR spectrum. As 
this was the first crystalline example of a 'heteroindoxyl' derivative, a X-ray crystal 
structure was obtained to characterise the geometry of the ring system, as shown in 
Figure 8, with bond lengths and angles listed in Appendix IV. This showed two 
crystal lographical ly independent structures in the unit cell, which showed no 
significant differences. Compound 253 was shown to be planar about the core fused 
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ring system. The measured bond angles between the two fused 5 membered rings 
were 135.3(3)° and 139.3(2)° compared with 135.58(13)° and 142.92(13)° for 
pyrrolizin-2-one 254.'' 
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This crystal structure was compared with the crystal structure previously produced for 
2-(3-oxo-1,3-dihydro-indol-2-ylidene)-succiflic acid dimethyl ester 149. The only 
three bond lengths that showed significant differences in the pyrrol-3-one and 
attached DMAD portion of the molecule, were the C(6)-C(5) [1.549 (4) A cf 1.520 (4) 
A] C(6)-C(6a) [1.420 (4) A cf 1.451 (4) A] and N(4)-C(3a) [1.369 (4) A cf 1.395 (3) 
A] bonds in the thiophene system 253 and the equivalent bonds in the benzene 
analogue 149, although these differences are only marginal. Four bond angles showed 
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significant differences, but again these were only small; N(3)-C(3a)-C(6a), C(5)-C(6)-
C(6a), C(6a)-C(6)-0(8) and C(8)-C(12)-C(13) of the thiophene analogue and the 
equivalent angles in the benzene analogue (although this latter angle is likely to be 
due to a difference in hydrogen bonding systems that exists). The small number of 
significant differences between the systems and the relatively small sizes of these 
differences show that changing the aromatic system makes only slight changes to the 
structure of the pyrrol-3-one portion of the molecule. 
2. 3. 1. 11. 	Reactions of 4,5Dihydrothieno[3,2-b1pyrrote-6-ofle: Reactions at 
C(2)-position: Condensation Reactions 
4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 underwent a condensation reaction with 
isatin 4 in the presence of base to produce 3-[6-oxo-4,6-dihydrothieno[3,2-b]pyrrol-
(5Z)-ylidene]-1,3-dihydro-indol-2-Ofle 255 in a yield of 20% (Scheme 146). The 
product was identified by 'H NMR spectroscopy showing the expected six aromatic 
peaks - four from the benzene and two from the thiophene, along with no peak present 
for the H(2)-position of the starting material. ' 3C NMR spectroscopy showed the 
expected number of peaks whilst mass spectrometry showed the correct molecular 
ion. The 'H NMR analysis showed only one isomer to be present, which was expected 
to be the Z isomer 255 rather than the E isomer 256 by comparison with the benzene 
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H 256 
The compound 255 had a ?max of 521 nm (methanol) and a of 7200 I mol d cm-1 , 
which shows a hypsochromic shift compared to indirubin 3 [A m (methanol) 540 nm]. 
Similarly to the hypsochromic shift observed for the indigoid species 1 and 250 (see 
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Section 2. 3. 1. 7.), this hypsochromic shift is thought to be due to the chromophores 
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2.3.1.12. 	Reactions of 4,5Dihydrothieno[3,2-b]pyrrOle-6-Ofle: Reactions at 
C(2)-position: Diazo Coupling 
4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 underwent diazo coupling with the 
d iazonium salt of p-anisidine to produce 5 -[(4-methoxyphenyl)-hydrazono]-4,S - 
dihydrothieno[3,2-b]pyrrol-6-one 257 in a yield of 25% (Scheme 147). The product 
was identified by mass spectrometry showing that the expected molecular ion was 
present, along with 'H and ' 3C NMR spectra that matched the expected product. The 
low yield of the reaction was partly attributed to the low solubility of 4,5-
dihydrothieno[3,2-b]pyrrol-6-one 242 in methanol. The compound 257 was shown to 
exist as the tautomer shown, due to the presence of a quaternary peak at 5 171.40 in 
the ' 3C NMR spectrum which corresponds to the carbonyl signal. Whilst this shift is 
at lower frequency to that observed for the benzodiazo coupled product 154 whose 
shift occurs at 5 180.75, a shift of similar magnitude in the position of the carbonyl 
occurs when going from indoxyl 2 (5 200.51) to 4,5-dihydrothieno[3,2-b]pyrrol-6-one 
242 (5 196.19). p-Anisidine does not contain a carbon signal above 5 152.68, 
indicating that this carbon signal cannot come from this portion of the molecule. 
OMe I) HCI 
H2NOJ 	iii) 242  ~/ : z H S 	0 257 
Scheme. 147 
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2. 3. 1. 13. 	Reactions of 4,5-Dihydrothieno[3,2-bjpyrrole-6-one: Reactions at 
C(2)-position: Nitrosation 
Previous work has shown indoxyl 2 and 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 75 
can be nitrosated at the C(2)-position by reaction with sodium nitrite in acetic acid 
(see Sections 2. 1. 1. 15. and 2. 2. 1. 13.). However, reaction of 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242 proceeded at the N-position to produce 4-nitroso-4,5-
dihydrothieno[3,2-b]pyrrol-6-one 258 in a yield of 43% (Scheme 148). The product 
was identified by mass spectrometry showing the molecular ion of a mononitrosated 
product, along with a breakdown peak at (M - 30) characteristic of the loss of NO. 'H 
and ' 3C NMR spectroscopy showed the presence of a CH2 peak in the product, hence 
the nitrosation had not occurred at the 0- or 2-position. 
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Scheme 148 
This change in site of reactivity may be due to the fact that the reaction mechanism 
for nitrosation at the C(2)-position proceeds via the enol tautomer as shown in 
Scheme 149. As tautomerism studies have shown that 4,5-dihydrothieno[3,2-b]pyrrol-
6-one 242 rarely adopts as the enol tautomer (see Section 2. 3. 1. 3.), it is thought that 
this pathway may become unavailable, so nitrosation proceeds at the N-position 









This reaction shows an interesting difference in reactivity between the 
'heteroindoxyls'. Overall, however 1, 2-d ihydropyrrolo[2,3  -b] pyrid in-3 -one 242 
shows very similar behaviour to that observed for indoxyl 2. 
2.3.2. 	The Attempted Synthesis of Pyrolysis Precusors of 5,6-Dihydro- 
thieno[2,3-bJ pyrrol-4-one 
This section details the attempts to produce 3-acetyl-2-azidothiophene 259 which 







This system was of interest to assess how changing the position of the sulfur atom 
affected the compound's behaviour compared with that of 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242. 
2.3.2.1. 	Attempted Syntheses of 3-Acetyl-2-aminothiophene 
The approach taken involved synthesising 3-acetyl-2-aminothiophene 261, which 
would hopefully undergo diazotisation followed by reaction with sodium azide to 
produce 3-acetyl-2-azidothiophene 259. 
The first approach to this target was to react 2-aminothiophene-3-carbonitrile 262 
[prepared by the known reaction of 2,5-dihydroxy-1,4-dithiane 263 with malono-
nitrile 264 (Scheme 150) 132 1 under Grignard conditions with methyl magnesium 
chloride (Scheme 151). Using a five fold excess of Grignard reagent in THF, which 
was heated under reflux for 24 h, only starting material 262 along with a small 
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Scheme 151 
To investigate whether an impurity in 2-aminothiophene-3-carbonitrile 262 was 
preventing the Grignard reaction from proceeding, 2-am i noth iophene-3 -carbon itri le 
262 and anthranilonitrile 265 were reacted in the same reaction vessel with methyl 
magnesium chloride and heated under reflux in THF for only 30 minutes. Whilst 
anthranilonitrile 265 was converted into o-aminoacetophenone 95, the 2-
aminothiophene-3-carbonitrile 262 remained unreacted (Scheme 152). This shows 
that the lack of reaction for 2-aminothiophene-3 -carbon itrile 262 is due to the 
compounds unreactivity under Grignard conditions, which is presumably due to the 
dual effect of the thiophene sulfur and amine group feeding electron density into the 
nitrile group, thus making attack of the Grignard reagent at an electron rich site less 
feasible 
0 
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Scheme 152 
The second approach towards 3-acetyl-2-aminothiophene 261 involved the synthesis 
of 2-aminothiophene-3-carboxylate 266 by a literature method, 
131 followed by 
reduction to the primary alcohol 267, oxidation to the aldehyde 268, Grignard reaction 
149 
to produce the methyl alcohol 269 and oxidation to produce 3-acetyl-2-
aminothiophene 261 (Scheme 153). 
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Scheme 153 
Methyl 2-aminothiophene-2-carboxylate 266 was produced in a yield of 73% by 
literature methods, 133 involving reaction of 2,5-dihydroxy-1,4-dithiane 263 and 











Only one method for the reduction of thiophene-3-carboxylic esters to the 
corresponding alcohol appeared in the literature.  135  Methyl 4-acetylamino-5-
methylthiophene-3-carboxylate 271 was reduced by reaction with a two fold excess of 
LiAII-L, in dry THF at 0 °C to produce 4-acety lam ino-5-methylthiophene-3-methanol 










These conditions were then applied to 266. After stirring 266 with 2.33 equivalents of 
LiAIH4  in THF at 0 °C and removal of an aliquot after 1 h, 'H NMR spectroscopy 
showed the presence of an approximately 1:1 ratio of starting ester 266 to the desired - 
alcohol 267. A further aliquot was removed after 3 h of reaction, which now showed a 
product ratio of 1:2 of the ester 266 to the alcohol 267. The reaction mixture was then 
left to stir at room temperature for a further 16 h which gave a complex 'H NMR 
spectrum after workup. (2-Aminothiophene-3-yl)-methanol 267 was tentatively 
identified from 1 1-1 NMR spectroscopy of the product mixtures, from two new signals 
corresponding to the thiophene protons, as well as a two proton doublet due to the 
new CH2-position along with a mutually coupled one proton triplet from the OH, 
along with a broad two proton singlet for the NH 2 . 
Increasing the number of equivalents of LiAIH 4 to four, and extending the reaction 
time at 0 °C to 4 h failed to improve the ratio of 2:1 ester 266 to alcohol 267. Heating 
the reaction mixture at 40 °C for 30 min was shown by 'H NMR spectroscopy to 
produce a complex mixture of products, which were not investigated. 
It was then decided to change reaction solvent from THF to diethyl ether. Reaction of 
266 with 2.66 equivalents of LiAlH4 showed after 1 h at 0 °C approximately equal 
amounts of the ester 266 to the alcohol 267, after working up an aliquot and analysis 
by 'H NMR spectroscopy. However, after 3.5 h at 0 °C a third species had become the 
major product. On work up, this product was shown to be 2-amino-3-methylthiophene 
273 in a yield of 45% (Scheme 156). The product was identified by 'H and ' 3C NMR 
spectroscopy showing only peaks corresponding to a disubstituted thiophene ring, 
along with a methyl group and a broad singlet for a NH 2 group. Mass spectrometry 
confirmed these functional groups to be present. Further confirmation was achieved 
by reaction of 273 with methoxymethylene Meldrum's acid 120 which yielded 274 in 
a yield of 97% (Scheme 157). A NOE NMR experiment on 274 showed that 
irradiation of the proton signal at ö 6.77 gave responses at the thiophene signal at 
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6.95 (8%) and the methyl group (2%), proving that no migration of the groups had 
occurred. 
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Scheme 157 
Whilst reduction of esters by LiA1H 4 generally only proceeds as far as the alcohol, it 
has been noted that in the presence of aluminium chloride reduction can proceed to 
the related alkane. This process occurs more successfully when an electron donating 
group is present. 136  Whilst no aluminium chloride or other Lewis acid is present in the 
reaction mixture, the conjugated amine will help to advance this process for 267. 
This synthesis produces a rare example of a 2-aminothiophene not containing a 
stabilising electron withdrawing group. 137  Unsubstituted 2-aminothiophene 274 is 
known to be unstable, with melting, attempted distillation or exposure to air leading to 
decomposition. Addition of electron withdrawing groups has been seen to stabilise 
such systems. 137 
NH  
274 
No further attempts were made to synthesise 259, as other short stepped syntheses of 
3-acetyl-2-aminothiophene 261 could not be identified. 
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2. 3. 3. 	The Synthesis and Chemistry of 1,2-Dihydrobenzo[4,5]thieno[3,2- 
hi pyrrol-3-one 
As no other methods for synthesising 'heteroindoxyls' based on a single five 
membered ring were obvious, it was decided to investigate five membered 
'heteroindoxyls' which contained a fused benzene ring. This chapter details the 
synthesis and pyrolysis of 2-acetyl-3-azidobenzo[b]thiophene 275 and the work 
carried out on characterising 1, 2 -d ihydrobenzo [4,5 Ith ieno [3,2-b]  pyrrol-3-one 276. 
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This system was attractive for study, as the effect of the addition of a benzene ring to 
a previously synthesised 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 could be 
investigated. 
2.3.3.1. 	Synthesis of Pyrolysis Precursors of 1,2- 
Dihydrobenzo 14,5ithieno[3,2-bi pyrrol-3-one 	- 
A one step route to synthesise 2-acetyl-3-aminobenzo[b]thiophene 277 was available 
in the literature, 138  in which pentane-2,4-dione 278 was reacted with 3-chloro-1,2-
benzisoxazole 279 in the presence of sodium ethoxide, which may proceed via the 
mechanism that has been proposed in Scheme 158.' The product of the reaction was 
obtained in a yield of 80%, although the heating time had to be extended from the 
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As a X-ray crystal structure for 2-acetyl-3-aminobenzo[b]furan 280 has previously 
been reported,  139  it was decided to produce a X-ray crystal structure of 2-acetyl-3-
aminobenzo[b]thiophene 277 for comparative reasons. The structure of 2-acetyl-3-
arninobenzo[b]thiophene 277 is shown in Figure 9, with bond lengths and angles 
listed in Appendix V. Two independent structures of 277 were present in the unit cell, 






Comparison of the crystal structures for 2-acetyl-3-aminobenzo[b]furan 280 and 2-
acetyl-3-aminobenzo[b]thiophene 277 showed that the only bonds to show significant 
differences were the two bonds from the heteroatom in the fused aromatic system. 
These varied from 1.7548(14) A [S(1)-C(2)] and 1.7353(15) A [S(1)-C(7a)] for the 
thiophene analogue 277 to 1.403(3) A [0(1)-C(2)] and 1.360(3) A [0(1)-C(7a)] for 
the furan analogue 280. A greater number of bond angles showed significant 
differences as shown in Table 28. 
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Het(1)-C(2)-C(8) 112.52 (11) 119.5(2) 
Het(1)-C(7a)-C(7) 126.20 (13) 125.1 (2) 
C(2)-Het(l)-C(7a) 91.03(7) 105.3(2) 
C(2)-C(3)-C(4) 112.16 (13) 105.6(2) 
C(2)-C(3)-N(3) 124.66 (14) 126.4(3) 
C(2)-C(8)-0(8) 120.65 (14) 119.0(2) 
C(3)-C(2)-C(8) 125.58 (11) 128.7(2) 
C(3)-C(3a)-C(4) 128.56 (14) 135.0 (2) 
C(3)-C(3a)-C(7a) 111.77 (13) 105.7(2) 
C(3a)-C(3)-N(3) 123.17 (14) 127.0(2) 
C(3a)-C(7a)-C(6) 121.27 (15) 123.1 (2) 
C(6)-C(7)-C(7a) 117.98 (16) 116.5 (3) 
C(9)-C(8)-0(8) 120.08 (15) 122.1 (3) 
Table 28: List of signiticantly clitterent bond angles Witil e.s.ci.s ror z-acetyi--
aminobenzo[b]thiophene 277 and 2-acetyl-3 -am inobenzo[b] furan 280 
Attempts to diazotise 2-acetyl-3-azidobenzo[b]thiophene 275 using the conditions 
previously used for 2-acetyl-3-aminothiophene 277 failed, with only starting material 
recovered. This was partially attributed to the low solubility of 277 in hydrochloric 
acid. This problem was overcome however by using phosphoric acid instead of 
hydrochloric acid. The acid was heated to dissolve 277, as the amine group was 
protonated upon entering solution, so did not precipitate on cooling. This was 
followed up by the usual diazotisation and reaction with sodium azide to produce 2-
acetyl-3-azidobenzo[b]thiophene 275 in a yield of 47% (Scheme 159). Whilst the 
previous formation of acetyl azido compounds by diazotisation in hydrochloric acid 
had formed the product as a solid that was easy to filter, for 277 in phosphoric acid 
the azide 280 was formed as a foam which needed repeated washing with water to 
yield the product cleanly. The product was identified by 'H NIVIIR spectroscopy 
showing the absence of the N14 2 peak, and the spectrum only showing four aromatic 
peaks and an acetyl group. Mass spectrometry showed the presence of the correct 
molecular ion, as well as a major breakdown peak at (M - 28), characteristic of the 
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loss of nitrogen from the azide functionality. The crystal structure, as shown in Figure 
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Comparison of the crystal structure for 275 with that produced previously for 2-
acetyl-3-aminobenzo[b]thiophene 277 showed the only bond length to show 
significant difference between the two structures is the C-C bond from the carbonyl 
carbon to the C(2)-position. Several bond angles show significant difference, as listed 
in Table 29. Many of these differences occur in the acetyl portion of the molecule, 
which may be due to steric differences between the azido or amino groups rather than 
electronic differences. 
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Angle (°) 2-Acetyl-3- 
am inobenzo[b]thiophene 277 
2-Acetyl-3-
azidobenzo[b]thiophene 275 
C(2)-S(1)-C(7a) 91.03(7) 91.63(5) 
C(2)-C(3)-C(3a) 112.16 (13) 126.69 (10) 
C(3)-C(3a)-C(4) 128.56 (14) 130.30 (16) 
C(3)-C(3a)-C(7a) 111.77 (13) 110.80 (10) 
C(4)-C(3a)-C(7a) 119.66 (14) 118.89 (10) 
S(1)-C(2)-C(8) 112.52 (11) 116.04(9) 
C(3)-C(2)-C(8) 125.58(11) 131.78(11) 
C(2)-C(8)-C(9) 119.26 (14) 120.59 (10) 
C(2)-C(8)-0(8) 120.65 (14) 118.62 (12) 
Table 29: List of bond angles with e.s.d.s for significant differences for 2-acetyl-3-
am inobenzo[b]thiophene 277 and 2-acetyl-3-azidobenzo[b]thiophene 275 
2.3.3.2. 	Gas Phase Pyrolysis of 2-Acetyl-3-azidobenzo[bjthiophene 
2-Acetyl-3-azidobenzo[b]thiophene 275 underwent FVP at 300 °C to produce entirely 
3-methylbenzo[b]thieno[3,2-c]isoxazole 248 in a yield of 72% (Scheme 160). The 
product was identified by 'H NMIR spectroscopy showing the expected four aromatic 
protons, as well as a methyl group at S 2.62 (compared with that of 5 2.61 for 3-
methylthieno[3,2-c]isoxazole 247), as well as mass spectrometry and ' 3C NMR 
spectroscopy giving data that agreed with the structure. The only previous example of 
this ring structure is benzo[b]thiophene[3,2-c]isoxazole 281, which was synthesised 















At 	higher 	pyrolysis 	temperatures, 	the 	indoxyl 	analogue 	1,2- 
d ihydrobenzo[4,5]thieno[3,2-b] pyrrol-3-one 276 was formed, although along with 
other unidentified products. However, due to the far greater polarity of 1,2-
dihydrobenzo[4,5]thieno[3,2-b] pyrrol-3-one 276 compared with the other impurities, 
276 could be isolated by washing the U-tube containing the product first with 
dichloromethane followed by a small amount of acetone, which removed the 
impurities. Figure 11 shows the crude pyrolysate, whilst Figure 12 shows the product 
after having been washed (Note: the small peaks on the baseline of the second spectra 
are due to a small amount of the enol tautomer of 276 being present as well as the 
keto tautomer). Although the product was not soluble in CDCI 3 , in [2H6]-DMSO both 
keto and enol tautomers were observed. The ratio of these was observed to change 
over time, and were identified by a CH 2 peak at 6 4.32 (compared with that at ö 4.22 
for 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242) for the keto tautomer, and by a CH 
peak at 8 6.62 (compared with 6 6.70 for indoxyl 2). Mass spectrometry also 
confirmed the relevant molecular ion to be present. 
0.0  
Figure 11: Crude 'H NMR spectrum of 600 °C FVP of 2-acetyl-3-
azidobenzo[b]thiophene 275. 
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Figure 12: 'H NMR spectrum of 600 °C FVP of 2-acetyl-3-azidobenzo[b]thiophene 
275 after washing of pyrolysate in FVP U-tube with DCM followed by acetone. 
Full NMR characterisation was then carried out on both the keto and enol tautomers 
of 276. After several hours in solution, the ratio of tautomers present had changed 
from an initially entirely keto solution to 80% enol 20% keto, so from the size and 
intensities of the peaks it was obvious which peaks belonged to which tautomer. 
For the keto tautomer, a NOESY experiment showed an interaction between the NH 
peak and the aromatic 'signal at ö 8.05, indicating this signal to be from H(8). A 
COSY experiment then indicated the identity of the remaining aromatic signals 
around the benzene ring, whilst a HSQC experiment showing one bond hydrogen to 
carbon coupling allowed identification of the four non-quaternary carbons from the 
aromatic ring. A HIMBC experiment, showing long range hydrogen to carbon bonding 
allowed full identification of the remaining quaternary carbons. H(6) and H(8) were 
shown to give strong coupling to the carbon at ö 147.99, showing it to be C(4a), 
whilst H(5) and H(7) were shown to give a strong coupling to the carbon at 6 126.05 
showing it to be C(8a). H(8) and H(2) gave coupling to the carbon at 6 171.37, 
indicating it to be C(8b). Of the two remaining unassigned quaternaries at ö 109.50 
and 6 190.43, the chemical shift of 6 190.43 indicates it to be the carbonyl at C(3), 
meaning that S 109.50 is C(3a). The full analysis is listed in Table 30. 
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Position 'H Chemical Shift ' 3C Chemical Shift 




5 7.98 125.22 
6 7.60 129.53 
7 7.51 125.05 
8 8.05 123.65 
8a 126.05 
8b 171.36 
Table 30: Complete NMR characterisation of keto tautomer of 1,2-
dihydrobenzo[4,5]thieno[3,2-b]pyrrol-3-one 276 
H 





Similarly for the enol tautomer, 276b, NOESY, COSY and HSQC experiments were 
used to identify the four CHs around the aromatic ring. A HMBC experiment showed 
coupling from H(6) and H(8) to the carbon at 8 140.71 indicating this to be C(4a), 
whilst H(5) and H(7) showed coupling to the carbon at 6 127.77 indicating this to be 
C(8a). H(2) and H(8) showed coupling to the carbon at ö 129.86 indicating this to be 
C(8b). The remaining two peaks at 6 109.87 and 6 137.14 were assigned by 
comparison with those previously observed for hydroxypyrroles viz C(3) at Ca. 6 139-
151 and C(3a) at Ca. 6 95-103.'' The full analysis is listed in Table 31. 
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Position 'H Chemical Shift 13C Chemical Shift 




5 7.81 124.16 
6 7.18 122.38 
7 7.34 124.07 
8 7.79 118.46 
8a 127.77 
8b 129.86 
Table 31: Complete NMR characterisation of enol tautomer of 1,2-
dihydrobenzo[4, 5]thieno[3,2-b]pyrro1-3-one 276 
H 
8 8b N 2 
III 	r<Ih1OH 3a 
276b 
A temperature profile was produced by analysing the product mixture of the pyrolysis 
of 2-acetyl-3-azidobenzo[b]thiophene 275 at various furnace temperatures by 'H 
NMR spectroscopy, as shown in Graph 16. This graph does not take into account the 
unidentified side products that appeared at higher temperatures. 
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Graph 16: Temperature profile of pyrolysis of 2-acetyl-3-azidothiophene 275. Dotted 
line 	indicates 	2-acetyl-3-azidobenzo[b]thiophene 	275, 	solid 	3- 
methylbenzo[b]th ieno[3,2-c] isoxazole 	248 	and dashed 	1,2- 
dihydrobenzo[4,5]thieno[3,2-b]pyrrol-3-one 276. 
As can be seen, a major difference exists for the benzo[b]thiophene analogue 
compared with the thiophene system (Graph 12, reproduced below), in that whilst the 
isoxazole intermediate is only formed in about 50% of the product mixture for the 
thiophene system (see Section 2. 3. 1. 2.), for the benzo[b]thiophene system at certain 
temperatures it is the only product formed. This inferred stability of the 
benzo[b]thiophene intermediate 248 may be due to its formation not leading to the 
total loss of aromaticity in the system, which occurs for the formation of the 
thiophene analogue 247. The stability of the isoxazole intermediate also leads to a 
higher temperature where the formation of the indoxyl analogue begins - at Ca. 400 
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Graph 12: Temperature profile of pyrolysis of 2-acetyl-3 -azidothiophene 241. Dotted 
line indicates 2-acetyl-3-azidothiophene 241, solid line 3-methylthieno[3,2-
c] isoxazole 247 and dashed line 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242. 
Whilst the desired 1,2-dihydrobenzo[4,5]thieno[3,2-b]pyrrol-3-one 276 had been 
produced, apart from NMR studies on the parent system no other synthetic work was 
possible. This was partially due to the low yield of the pyrolysis of 2-acetyl-3-
azidobenzo[b]thiophene 275 which only proceeded in yields of cä. 10%, due to the 
poor volatility of the azide and the purification process of the pyrolysate. Further 
problems were caused by the high polarity of 276 - meaning that only very polar 
solvents would be used for reactions. Thus 276 is insoluble in chloroform, and only 
sparingly soluble in acetone. 
These results along with those of the pyrolyses of the quinoline systems 197 and 225 
(see Sections 2. 2. 3. 2. and 2. 2. 4. 2.) show that the addition of the fused benzene 
ring to aromatic systems increases the number of possible reaction pathways for the 
pyrolyses of azido acetyl compounds, compared with the pyrolyses of the systems 
without the fused benzene ring. Whilst it was possible to isolate the 'heteroindoxyl' 
276, the low yields and high polarity proved prohibitive towards much in the way of 
further chemistry. 
2.3.3.3. 	Gas Phase Pyrolysis of 3-Methylbenzolb]thiophenel3,2-clisoxazole 
Due to the ease and cleanliness of the production of 3-methylbenzo[b]thiophene[3,2- 
c]isoxazole 248 from 2-acetyl-3-azidobenzo[b]thiophene 275 it was decided to 
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investigate if repyrolysis of the isoxazole 248 would produce 1,2-
d ihydrobenzo [4,5]thieno[3,2-b] pyrrol-3-one 276 in a cleaner fashion. 
However, FVP of 3-methylbenzo[b]thiophene[3,2-c]isoxazole 248 at 600 °C led to a 
product mixture whose 'H NMR spectrum was as complex as that of the pyrolysis of 
2-acetyl-3-azidobenzo[b]thiophene 275. 
2.3.3.4. 	Properties of 1 ,2-Dihydrobenzo 14,Slthieno[3,2-bl pyrrol-3-one: 
Tautomerism 
As 	already 	stated, 	after 	equilibrating 	in 	[ 2H6]-DMSO, 	1,2- 
dihydrobenzo[4,5]thieno[3,2-b]pyrrol-3-one 276 existed as 80% enol and 20% keto 
tautomer. Due to the high polarity of 276 the only other solvent studied was 
acetone, wherein 276 existed entirely as the keto tautomer. 
I ,2-Dihydrobenzo[4, 5]thieno[3,2-b] pyrrol-3 -one 276 shows a greater preference 
towards the keto tautomer than indoxyl 2, as formation of the enol tautomer creates a 
67r 5 membered electron rich 3-hydroxypyrrole system, which is destabilised by the 
electron rich thiophene ring onto which it is fused, therefore favouring the keto 
tautomer. This effect is not as strong as had been observed in 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242, as in 1,2-dihydrobenzo[4,5]thieno[3,2-b]pyrrol-3-one 276 the 
effect of the electron rich thiophene ring is diminished due to the adjacent fused 
benzene ring. 
2.3.4. 	Attempted Synthesis of 1 ,2-Dihydrobenzo [4,5] furano [3,2-b] pyrrol- 
3-one 
This section deals with the attempted synthesis of 2-acetyl-3-azidobenzo[b]furan 283 










This system was of particular interest for study, to investigate the effect of changing 
the thiophene ring for a furan ring compared with 1,2-dihydrobenzo[4,5]thieno[3,2-
b]pyrrol-3-one 276. 
2. 3. 4. 1. 	Attempted Synthesis of 2-Acetyl-3-Azidobenzo[b]furan by 
Diazotisation Route 
Following the successful synthesis of 2-acetyl-3-azidobenzo[b]thiophene 275 by 
diazotisation methods, the first approach to the synthesis of 2-acetyl-3- 
azidobenzo [b]furan 283 involved making the known 2-acetyl-3-am inobenzo[b]furan 
1 44  Whilst no diazotisation reactions of 2-substituted 3-aminobenzo[b]furans to 
produce the related azido compounds are known in the literature, previous work on 
diazotisation of 3-amino-2-formylfuran 285 followed by reaction of sodium azide has 
produced 3-azido-2-formylfuran 286 (Scheme 162) . 142 
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Scheme 162 
2-Acetyl-3-aminobenzo[b]furan 280 was synthesised in two steps from the 
literature.'  43  o-Cyanophenol 287 was reacted with chloroacetone 244 in the presence 
of base to produce 2-(2-oxopropoxy)-benzonitrile 288 in a yield of 77% (Scheme 
163). The product was identified by comparison of literature melting point,  143  whilst 
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Ring closure of 2-(2-oxopropoxy)-benzonitrile 288 was then achieved by reaction 
with sodium hiethoxide to produce 2-acetyl-3-aminobenzo[b]furan 280 in a yield of 
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57% (Scheme 164). The product was identified by comparison of literature melting 
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Initial attempts to diazotise 2-acetyl-3-aminobenzo[b]furan 280 and react the resulting 
diazonium salt with sodium azide failed to produce a compound with the expected 'H 
NMR spectral data, but produced a single product showing four aromatic protons 
along with a CH2 peak. Further analysis of the compound by ' 3C NMR spectroscopy 
showed the product to contain only eight different carbons signals, whilst the starting 
material contained ten carbon signals. Mass spectrometry showed a major peak at m/z 
134. The product was identified as (2H)-benzo[b]furan-3-one 289 by comparison with 
literature melting point and 'H NMR spectroscopy. 145  Further investigation of the 
formation of (2H)-benzo[b]furan-3-one 289 showed it was formed when 2-acetyl-3-
aminobenzo[b]furan 280 was heated in concentrated hydrochloric acid, which was 
necessary to dissolve the amine. Upon cooling of the solution (2H)-benzo[b]furan-3-
one 289 could be extracted in a yield of 74%. The product is presumably formed by 
protonation of the amine functionality of 280 followed by attack at the 3-position by 
water to lose ammonia. This is then followed by a retro-Claisen reaction and 



















As this problem of reaction with hot hydrochloric acid limited any possibility of 
diazotisation by this method, the use of phosphoric acid was studied. However, this 
too produced (2H)-benzo [b] furan-3 -one 289. It was therefore decided that 
diazotisation was not possible for 2-acetyl-3-aminobenzo[b]furan 280 under these 
standard conditions. As (2H)-benzo [b] furan-3 -one 289 is the 1-oxo analogue of 
indoxyl 2, some of the new reactions previously carried out on indoxyl 2 were 
attempted using (2H)-benzo [b] furan-3 -one 289. No known reactions of (21])-
benzo[b]furan-3-one 289 and MOMMA 120 are known in the literature, and as 
indoxyl 2 reacts at the NH-position with MOMMA 120 (see Section 2. 1. 1. 11.) and 
this position is unavailable for reaction for (2H)-benzo [b] furan-3 -one 289, this 
reaction was of particular interest. However, when equimolar amounts of (2H)-
benzo[b]furan-3-one 289 and MOMMA 120 in acetonitrile were stirred together at 
room temperature for 16 h, removal of solvent showed only starting materials to be 
recovered. Similarly, heating an acetonitrile solution of (21])-benzo[b]furan-3-one 289 
and MOMMA 120 under reflux for 3 h followed by removal of solvent again led to 
only recovery of starting material (Scheme 166). 
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Scheme 166 
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Similarly no reactions are known between (21f)-benzo[b]furan-3-one 289 and DMAD. 
Stirring equimolar amounts of (21J)-benzo[b]furan-3-one 289 and DMAD in DMSO 
at room temperature for 1 h and quenching of the reaction with water gave a 
precipitate that was shown to be unreacted starting materials by 'H NMR 
spectroscopy (Scheme 167). It is thought that for the Michael addition of DMAD to 
occur, the enol tautomer must be present. However, even in [2H6]-DMSO (21])-
benzo[b]furan-3-one 289 exists entirely as the keto tautomer, and previous studies 








2.3.4.2. 	Attempted Synthesis of 2-Acetyl-3-azidobenzob]furan by 
Nucleophilic Substitution Route 
A second approach towards the synthesis of 2-acetyl-3-azidobenzo[b]furan 283 
involved preparation of 2-acetyl-3 -bromobenzo [b] fu ran 290 by literature 
methods. 146,147  Whilst no nucleophilic substitution reactions of 2-acetyl-3-
brornobenzo[b]furan 290 are known in the literature, 3-bromo-2-formylbenzo[b]furan 
291 has been shown to react with sodium azide in DMSO at ambient temperatures to 









The first step in the synthesis involved reaction of benzo[b]furan 293 with bromine. 
Initial attempts to repeat a literature method by carrying out the reaction in acetic 
acid, 146  gave a mixture which showed a complex mixture of products when analysed 
by 'H NMR spectroscopy. Changing solvent to carbon disulfide produced the desired 
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2,3-dibromo-2,3-dihydrobenzo[b]furan 294 in a yield of 87% (Scheme 169). The 
product was identified by comparison with literature melting point and 'H NMR 
spectroscopy. 146 
Br 
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Scheme 169 
A method for the regioselective elimination of hydrogen bromide was then adapted 
from one previously used to synthesise 3,5-dibromobenzo[b]furan 295 from 2,3,5-
tribromobenzo[b]furan 296 (Scheme 170). 149  Using this method 3-
bromobenzo[b]furan 297 was synthesised in yields of up to 96%, although it was 
found that using as little solvent as possible yielded best results (Scheme 171). The 
product was identified by comparison with literature boiling point" 50 whilst 'H and 
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3-Bromobenzo[b]furan 297 was then subjected to Freidel-Crafts acylation with acetyl 
chloride by literature method, 147  to produce 2-acetyl-3-bromobenzo[b]furan 290 in a 
yield of 70% (Scheme 172). The product was identified by comparison with literature 
melting point, 147  whilst 'H and ' 3C NIVIR spectroscopy and mass spectrometry were 











Whilst nucleophil ic substitution of 3 -bromo-2-formylbenzo[b]furan 291 with sodium 
azide in DMSO occurs at ambient temperatures to produce the azido compound 
292,148 stirring of 2-acetyl-3-bromobenzo[b]furan 290 with a two fold excess of 
sodium azide in DMSO for 21 h at room temperature showed no reaction when 
followed by 'H NMR spectroscopy. Heating of a similar reaction mixture at 60 °C for 
3 h also failed to show any change. To investigate if an instantaneous reaction had 
occurred to produce a compound which had an identical 'H NMR spectrum to the 
starting material, the product was worked up and analysed by mass spectrometry, 
which produced a spectrum identical to that of 290. 4 h heating of a similar mixture at 
120 °C led to a product mixture with a highly complex 'H NMR spectrum, but did not 
contain a signal that corresponded to a new acetyl peak. Heating of a similar mixture 
at 80 °C for 22 h led to a product mixture that contained mainly starting material, 
along with more than one other minor species. Finally, a similar reaction mixture was 
heated at 65 °C for 120 h, which when analysed gave a very complex 'H NMR 
spectrum, containing little starting material, but no new distinguishable products. 
These results imply that whilst some reaction may be occurring, the temperatures 
required to cause the desired nucleophilic substitution of the bromo group by the 
azide group then cause the product to undergo thermal decomposition. 
2.3.5. 	Attempted Synthesis of 1,8-Dihydro-2H-pyrrolo[2,3-bjindol-3-one 
This section deals with the attempted synthesis of 3-acetyl-2-azidoindole 298 as a 
FVP precursor for the synthesis of I ,8-dihydro-2H-pyrrolo[2,3-b] indol-3 -one 299. 





This system was of interest to study, to see how swapping the position of the 
heteroatom from being closest to the carbonyl (as was the case for 4,5-
dihydrothieno{3 ,2-b]pyrrol-6-one 242 and 1 ,2-dihydrobenzo[4,5]thieno[3 ,2-b]pyrrol-
3-one 276) to being closest to the NH group. 
2.3.5.1. 	Attempted Synthesis of 3-Acetyl-2-azidoindole 
A one step route was available in the literature for the synthesis of 3-acetyl-2-
chioroindole 300.'' Whilst the 2-position of indoles is generally unreactive towards 
nucleophilic substitution, it was hoped that the electron withdrawing acetyl group at 
the 3-position might help to activate this position. 
Nucleophilic substitution of 3-acetyl-2-chloroindoles has been observed to proceed, 
for N-substituted indoles.' 52 The N-methoxymethyl chloro derivative 301 was shown 
to react with sodium azide in DMSO at 45 °C to produce the azido compound 302 in a 
yield of 65% (Scheme 173). 
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However, generation of such N-substituted azides had the complication that under 
pyrolysis the nitrene generated from the azide could ring close onto the N-substituent 
rather than than the acetyl group. One solution to this problem would have been to 
remove the N-substituent before pyrolysis. However, deprotection of methoxymethyl 
substituents from simple indoles such as 303 has required reflux for 24 h in formic 
acid to yield the deprotected species 304 (Scheme 174). 153  Under these conditions it 
was feared that degradation of the azide would occur, so the approach of using N-





o Formic acid, 




3-Acetyl-2-chloroindole 300 was synthesised by reaction of oxindole 29 with a 
Vilsmeier reagent generated from phosphoryl chloride and dimethyl acetamide, with 
the product recovered in a yield of 54% (Scheme 175). The product was identified by 
comparison with literature melting point and 'H NMR spectroscopy. 151 








The first attempt at generating 3-acetyl-2-azidoindole 298 used the technique 
previously used to produce 4-acetyltetrazolo[1,5-a]pyridine 167 and 4-
acetyltetrazolo[I,5-a]quinoline 197 from their related chioro compounds. 3-Acetyl-2-
chloroindole 300 was dissolved in aqueous ethanol and dilute hydrochloric acid, along 
with 2.5 equivalents of sodium azide, and heated under reflux. Aliquots were removed 
at regular intervals and worked up, showing little change in the product mixture. After 
eight days of heating, the product mixture was worked up to show mainly remaining 
3-acetyl-2-chloroindole 300, along with small amounts of oxindole 29, which was 
identified by comparison by 'H NMR spectroscopy with an authentic sample. 
The use of DMSO, as solvent had previously been successful for the generation of 3-
acetyl-4-azidoquinoline 225. Heating of 3-acetyl-2-chloroindole 300 with eight 
equivalents of sodium azide in DMSO at 60 °C for 20 h led to only recovery of 
starting material by 'H NMR spectroscopy. Heating a similar mixture at 75 °C for 20 
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h showed small amounts of a secondary species to be present. Heating a similar 
mixture at 90 °C for 20 h gave a product mixture which gave a complex 'H NMR 
spectrum, containing large amounts of what was assumed to be decomposition 
product, but with 3-acetyl-2-chloroindole 300 still the major constituent. Further 
heating of this mixture eventually consumed all the 3-acetyl-2-chloroindole 300, but 
failed to produce any identifiable products. 
Conditions for the nucleophilic substitution of 3-acetyl-2-chloroindole 300 by sodium 
azide to produce 3-acetyl-2-azidoindole 298 could not be discovered. 
Previous work has shown that 3-acetyl-2-chloro-1-methylindole 305 reacts with 
sodium azide in DMSO at 120 °C in 3 mm, although the products recovered were 
from the decomposition of the azide. The products formed were 3,8-dimethyl-8H-2-
oxa-1,8-diaza-cyclopenta[a]indene 306, formed by the nitrene ring closing onto the 
carbonyl of the acetyl, and 1 ,2-dirnethylindole-3-carbontrile 307, formed by a ring 
insertion followed by ring opening of the nitrene, although these products were only 
recovered in respective yields of 7.2% and 13.1% (Scheme 176).' 54  This shows how 










Although only two five membered 'heteroindoxyls' have been synthesised, and only 
one of those has had its chemistry studied in detail, much new heterocyclic chemistry 
has been found during this section of work. 
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2. 4. 	The Synthesis and Pyrolysis of Ortho Substituted Aromatic N- 
Methylene Meidrum's Acid Derivatives 
Throughout the course of Chapter 3, a range of heteroaromatic amino compounds 
have been synthesised. Asides from using these compounds towards the synthesis of 
'heteroindoxyls', it was decided to 'Meidrumsate' these compounds by reaction with 
methoxymethylene Meldrum's acid 120, followed by pyrolysis to generate novel 
heteroaromatic compounds. 
The pyrolysis of N-arylaminomethylene Meidrum's acid derivatives has been known 
in the solution phase since 1969,155  and in the gas phase since 1983.156  These 
pyrolyses for simple aromatic derivatives leads to the formation of quinolin-4-ones, 
and is the method of choice for the synthesis of many of these systems. 80 The 
mechanism of these pyrolyses proceeds via loss of carbon dioxide and acetone to 
yield a methyleneketene intermediate 308, which rearranges to an iminoketene 
intermediate 309. These two intermediates have been shown to be present by matrix 
isolation of the FVP of 2,2-dimethyl-5 -(p-tolylamino-methylene)-[ 1 ,3]dioxane-4,6-
dione 310.157  After generation of the iminoketene 309, electrocyclisation followed by 
a 1,3 hydrogen shift yields the related quinolin-4-one species 311 (Scheme 177). 
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Scheme 177 
This method of formation of pyrrolone rings has been employed in the synthesis of 
many more complex products. 158' 159, 160 Two such cyclisations have been used in the 
synthesis of the polycyclic marine alkaloid meridine 312 (Scheme 178).158 
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However, when a substituent group is adjacent to the N-methylene Meidrum's acid 
functionality, the ring closure of the iminoketene intermediate 313 has two sites that it 
can ring close to - either the site occupied by the functional group 314 or to the site 
occupied by the hydrogen atom 315 (Scheme 179). 
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After ring closure, migration can proceed to yield a new substituted quinoline-4-one 
system. As the ring closure step will be reversible, the final position of ring closure 
will be decided by which group will show the greatest ability to migrate. Studies have 
been carried out on the migratory ability of various functional groups towards 
sigmatropic shifts. 161,162  The largest study of these was carried out on the 1,5 
sigmatropic shift of indenes such as 316, which under thermal conditions rearrange 
via the mechanism shown in Scheme 180.161  This study established the migratory 
aptitude to decrease in the following order: CHO> Benzoyl - Acetyl > H > Vinyl> 
CONHMe> CO2PH> CO2Me > CN '-' CCH> alkyl. A similar study of the 
migration of 5 substituted 5-methylcyclohexa-1,3-diene systems 317 (Scheme 181) 




















However, for the heteroaromatic systems to be studied, only the site containing the 
functional group will be available for ring closure. Therefore, for functional groups of 
poor migratory ability loss of the functional group will also be possible. Thus the 
amount of product formed with the functional group migrated compared with the 
amount of product where the functional group has been lost will give an indication of 
the ability of various functional groups to migrate. Also for comparison, several 
benzene based Meidrum's acid derivatives have been synthesised to observe the 
migratory abilities of the various functional groups compared with hydrogen. 
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The aim of this section of work is to investigate the migratory aptitude of various 
functional groups, and to investigate this reaction as a synthetic tool for the synthesis 
of multiringed heteroaromatic systems. 
The pyrolyses were typically carried out with furnace temperatures of 550 °C and 850 
°C, to see if, as was often the case, changing the temperature of pyrolysis led to a 
difference in compound formed, or when multiple products were obtained the ratio 
that they were produced in. 
Often, changing the aromatic system being studied led to differences in the product 
ratios and products formed. Often these changes could not be easily rationalised, and 
the use of Density Functional Theory (DFT) calculations may be a possible way to 
investigate the energy levels of the intermediates formed. 
The precursor amines were either available commercially, synthesised in previous 
sections of this thesis, or details of their preparation stated in the relative section. 
The compounds 318, 323, 326-330 and 361 were synthesised and studied byMChem 
project students working under my supervision. 163 
2. 4. 1. 	The Synthesis of Ortho Substituted Aromatic N-Methylene 
Meidrum's Acid Derivatives 
The required N-methylene Meldrum's acid derivatives were synthesised by reaction 
of solutions of methoxymethylene Meidrum's acid 120 and the appropriate aromatic 
amine in acetonitrile. The product was collected as a precipitate, or if no precipitate 
formed, by removal of solvent from the reaction mixture. The derivatives formed, 
along with their percentage yields are indicated in the relevant schemes which follow. 
Any ratios in reaction schemes refer to ratios observed in the crude product mixtures, 
rather than of isolated products. 
2.4.2. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Methyl Ester 
FVP of the methylene Meldrum's acid derivative of methyl anthranilate 318 at 850 °C 
and 550 °C cleanly produced methyl 4-oxoquinoline-8-carboxylate 319 (Scheme 
182). The product was identified by 'H NMR spectroscopy which showed the product 
to contain a methyl group from the ester, along with a pair of doublets corresponding 
to the H(2) and H(3) protons, and three aromatic protons showing a typical coupling 
pattern of a I ,2,3-trisubstituted benzene system, indicating that ring closure had 
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happened at the vacant site adjacent to the ester group. ' 3C NMR spectroscopy and 
mass spectrometry further confirmed this structure. This result indicated that the 
methyl ester group to be of lower migratory aptitude than a hydrogen atom, as 
expected by previous studies. 162 
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However, for the methylene Meldrum's acid derivative of methyl 2-aminothiophene-
3-carboxylate 320, no vacant site was adjacent to the N-methylene Meldrum's acid 
functional group, so the iminoketene intermediate had to ring close to the site 
occupied by the methyl ester group. FVP of 320 at 550 °C produced a crude mixture 
of which the main product was methyl 4-oxo-4,7-dihydrothieno[2,3-b]pyridine-5-
carboxylate 321, which was isolated in a yield of 27% (Scheme 183). This product 
was identified by 'H NMR spectroscopy showing the presence of a CH 3 peak 
corresponding to the methyl ester, a set of doublets corresponding to the thiophene 
protons, and a peak at 8 8.37 which showed only coupling the adjacent NH. ' 3C NMR 
spectroscopy and mass spectrometry further confirmed this structure. FVP of 320 at 
850 °C produced a mixture of compounds which appeared by 'H NMR spectroscopy 
to be even more complex than observed at the 550 °C pyrolysis, but still had 321 as 
the major product. 
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Previous work on the FVP of the methylene Meidrum's acid derivative of methyl 3-
aminothiophene-2-carboxylate 322 at 850 °C failed to yield any significant products 
(Scheme 184).164 
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No Significant Product 
The implication of these two pyrolytic results on the thiophene imply that the methyl 
ester group is of poor migratory aptitude, leading to mixtures that failed to produce 
any product in significant yields at high temperatures. This confirms previous studies 
which have found methyl esters to be poor migrating groups. 161, 162 
2.4.3. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Amide 
The Meidrum's derivative of anthranilamide 323 underwent pyrolysis at 550 °C to 
produce 4-oxoquinoline-3-carboxamide 324 (Scheme 185). The product was 
identified by 'H NMR spectroscopy showing the compound to contain four peaks 
corresponding to the aromatic protons around the benzene ring, along with a singlet at 
ö 8.12 which corresponded to the H(2)-position. As this signal was a singlet, it 
showed that the amide group had migrated to the 3-position, with mass spectrometry 
and ' 3C NMR spectroscopy showing the amide group to still be present. Pyrolysis of 
323 at 850 °C also produced 4-oxoquinoline-3-carboxamide 324 as the main product, 
although significant amounts of quinolin-4-one 325 were present as well (Scheme 





















To investigate the pyrolysis of Meidrum's acid derivatives of amidoaniline 
compounds, further studies were carried out on the derivatives of 326-330. Under 
pyrolysis conditions these derivatives fell in to two main groups. For those that 
contained a secondary amide, the amide group migrated exclusively to the 3-position 
to yield 331 (Scheme 187), whereas those containing a tertiary amide produced a 
complex range of products which could not be identified. 
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Scheme 187 
The result for the methylamide derivative was particularly surprising as it was 
inconsistent with previous studies which had suggested that methylamide groups were 
of lower migratory aptitude than hydrogen atoms. 16  This implied that some other 
factor is making the amide group a superior migratory group in the present case. As 
this 1,5 shift of the amide group is only observed for primary and secondary amides, a 
possible cause of this difference is that after ring closure of the iminoketene to form 
the intermediate 332 the amide can hydrogen bond to the carbonyl of the newly 
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2. 4. 4. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Methyl Alcohol 
FVP of the methylene Meldrum's acid derivative of 2-aminobenzyl alcohol 333, 
yielded quinolin-4-one 325 in a yield of 81%, with the product being identified by 
comparison with published spectral data for 325.165  The product was presumably 
formed by ring closure at the site occupied by the methyl alcohol to. give the 
intermediate 333a followed by a hetero retro-ene reaction whereby the hydrogen of 
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the alcohol is transferred to the nitrogen, and formaldehyde is lost to yield 325 
(Scheme 189). This result implies that the hetero retro-ene reaction proceeds far faster 
than migration of a methyl alcohol or hydrogen atom. 
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To investigate the behaviour of adjacently substituted methyl alcohol functional ities, 
3-aminothiophene-2-methanol 334 was synthesised in a 88% yield by LiA1H4 
reduction of methyl 3-aminothiophene-2-carboxylate 335 (Scheme 190). The product 
was identified by 'H NIMR spectroscopy which showed the absence of the ester 
methyl group, but the presence of a two proton doublet which showed coupling to a 
triplet of integral one. Whilst coupling between a-hydrogens and alcohols is not 
commonly observed, it has previously been noted for alcohols formed by L1A1H 4 
reductions. ' 66 ' 3C NMR spectroscopy and mass spectrometry data further confirmed 
this structure. The formation of 334 is a rare example of a 3-aminothiophene 
derivative containing only a mildly electron withdrawing substituent to stabilize the 
electron rich system. 137 
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Upon attempted purification of 335 by distillation, a new product was formed. This 
new species was later formed (along with large amounts of unidentified thermal 
decomposition products) by heating of 335 at 100 °C for 1 h. Whilst never isolated, 
the product was tentatively assigned by 'H NMR spectroscopy which showed only 
two thiophene signals, along with a singlet at ö 8.66 of half the integral of the 
individual thiophene peaks. This implied a symmetrical species, and comparison of a 
literature 'H NMR spectrum and mass spectral data indicated the product to be 
dithieno[3,2-b:2 ',3 '-e]pyridine 336 (Scheme 191). 167  Dithieno[3,2-b:2 ',3 '-e]pyridine 
336 has previously been synthesised by reaction of 3-aminothiophene 337 with 
formaldehyde in dichioromethane and TFA, by the mechanism proposed in Scheme 
192,168 which involves 335 as an intermediate. 
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FVP of the methylene Meidrum's acid derivative of 3-aminothiophene-2-methanol 
338 produced 4H-thieno[3,2-b]pyridin-7-one 339 in a yield of 60% (Scheme 193). 
The product was identified by comparison with its published 'H NMR spectrum, 169 
whilst ' 3C NMR spectroscopy and mass spectral data were as expected for this 
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Scheme 193 
These two results suggest that although the methyl alcohol does not undergo 
migration due to a preferable hetero retro-ene reaction, the mechanism discovered 
may be a useful synthetic pathway to unsubstituted fused pyridin-4-one systems 
where the parent amine is unavailable. 
2.4.5. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Formyl Group 
Due to the instability of 2-aminobenzaldehyde, commercially available 2-amino-5-
chlorobenzaldehyde 340 was used instead to investigate the effects of having a formyl 
group adjacent to the N-methylene Meldrum's acid group. Under FVP at 550 °C the 
methylene Meldrum's acid derivative of 2-amino-5-chlorobenzaldehyde 341 yielded a 
product whose 'H NMR spectrum contained six aromatic signals. As the chlorine 
atom is unlikely to be removed under FVP conditions, this suggested that the product 
formed did not have a quinolin-4-one structure. ' 3C NMR spectroscopy showed the 
compound to contain six CH peaks and three quaternary peaks. Mass spectrometry 
showed the distinctive isotope pattern of 1 (M+2): 3 (M) of a chlorine containing 
compound, with likely molecular ion peaks at 165 and 163, which along with the 
NMR daa discussed indicated a molecular formula of C 9H6CIN. The splitting pattern 
observed by 'H NMR spectroscopy indicated that a 1,2,4 trisubstituted ring and 1,2,3 
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trisubstituted ring were present. From the molecular formula and ' 3C NMR 
spectroscopy, this indicated two fused six membered rings, with one position 
occupied by the nitrogen atom and one carbon on the ring bonded to a chlorine atom. 
As the nitrogen and chlorine begin para to one another, assuming no migration of 
these groups occur, 6-chloroquinoline 342 appeared to be a likely product. 
Comparison with literature 'H NMR and ' 3C NMR spectra confirmed this structure, 170 
which had been formed in a yield of 62%. 
The product may be formed via a mechanism shown in Scheme 194. The generation 
of the iminoketene intermediate 341a, rather than ring close as expected onto the 
benzene ring proceeds to undergo a 871 cyclisation reaction to form the eight 
membered ring system 341b. Intermediate 341b then undergoes a 6ir ring closure to 
form the -lactone 341c, which under thermal conditions proceeds in a disrotatory 
fashion. 341c can then lose carbon dioxide to produce 6-chloroquinoline 342, with the 
gaining of aromaticity the driving force behind the step. A similar decarbonylation 
reaction has been postulated for the final step of the reaction of the dione 343 under 
photochemical conditions to yield 1,4-dipropylnaphthalene 344, which goes via a 
lactone intermediate 343a (Scheme 195).'' 
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It is proposed that the unexpected reaction occurs due to the ability of the formyl 
group to undergo a 8ir ring closure, which is not observed for any of the other 
substituents with carbonyl groups just off the aromatic ring. This suggests that the 
energy levels required for this ring closure have to be very precise, although further 
work is required to quantify this observation. 
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To investigate this unique mechanism further, 3-aminothiophene-2-carboxaldehyde 
345 was synthesized in a yield of 37% by manganese dioxide oxidation of 3-
aminothiophene-2-methanol 334 (Scheme 196). This product was identified by 'H 
NMR spectroscopy showing a peak at ö 9.56 showing an aldehyde peak which 
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The FVP of the methylene Meldrum's acid derivative of 3-aminothiophene-2-
carboxaldehyde 346 at 850 °C showed a mixture of two products in a ratio of 2:1 by 
'H NMR spectroscopy. The minor product was identified as 4H-thieno[3,2-b]pyridin-
7-one 339 by comparison with spectra of an authentic sample. The major product was 
isolated in a yield of 57% by washing the U-tube containing the pyrolysate with 
chloroform in which the highly polar 4H-thieno[3,2-b]pyridin-7-one 339 was 
insoluble. 'H NMR spectroscopy showed five proton signals - two corresponding to 
adjacent thiophene signals, and the other three corresponding to a 2,3-disubstituted 
pyridine ring, indicating the product to be thieno[3,2-b]pyridine 347 formed by a 
similar mechanism as discussed above for the formation of 6-chloroquinoline 342. 
This structure was further confirmed by ' 3C NMR spectroscopy and mass 
spectrometry. The FVP of 346 at 550 °C gave the same two products in 
approximately equal amounts (Scheme 197). 
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This change in behaviour of the thiophene system 346 compared with the benzene 
system 341 further shows that small changes in the energy levels of the reactive 
portions of the intermediates being studied can have a major effect on the products 
being formed. 
2.4.6. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Methyl Group 
FVP of the methylene Meidrum's acid derivative of o-toluidine 348 yielded a single 
product at both 550 °C and 850 °C. 'H NMR spectroscopy showed the product to 
have five proton signals, with a doublet corresponding to the protons from the H(2)-
and H(3)-positions indicating that ring closure had proceeded at the unsubstituted 
adjacent site, to yield 8-methylquinolin-4-one 349 in a yield of 69% (Scheme 198). 
Comparison with literature 'H NMR spectroscopy and melting point further 
confirmed this structure. 165 
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This result suggested that the methyl group was of lower migratory aptitude than a 
hydrogen atom, as had previously been observed. 161 
As 2,6-dimethylaniline was commercially available, a benzene system was available 
whereby the ring closure had to proceed at a site occupied by the methyl group, which 
allows its migration ability to be studied without competitive effects. FVP of the 
methylene Meidrum's acid derivative of 2,6-dimethylaniline 350 at 850 °C showed 
the product mixture to contain two compounds by 'H NMR spectroscopy, in a ratio of 
78:22. These two products were successfully separated by column chromatography. 
The major product was identified as 8-methylquinolin-4-one 349 by comparison with 
the spectra reported above, and was isolated in a yield of 50%. The minor product was 
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shown to contain two methyl groups, three aromatic protons and a doublet at 6 7.80 
which showed by COSY spectroscopy a coupling to the NH peak. This indicated the 
compound to be 3,8-dimethylquinolin-4-one 351, which was isolated in a yield of 
21%, and the structure was confirmed by comparison with literature melting point, ' 72 
whilst ' 3C NMR spectroscopy and mass spectrometry results were consistent with the 
expected structure (Scheme 199). FVP of the methylene Meldrum's acid derivative of 
2,6-dimethylaniline 350 at 550 °C produced the same two main products, as well as 
other unidentified minor side products. As previous studies had shown the methyl 
group to have the lowest migratory aptitude of all functional groups studied, 161  the 
fact that any methyl group migration was observed is perhaps slightly surprising. 
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Scheme 199 
The loss of the methyl group may occur by loss of methyl radical followed by gain of 
a hydrogen radical. Intermolecular processes such as these whilst rare by FVP have 
been previously observed, for example in the previously discussed pyrolysis of the 
tetrazole 222, which generates the nitrene 224, which can then either dimerise to 223, 
















The FVP of the methylene Meidrum's acid derivative of 2-amino-3-methylthiophene 
274 proceeded at 550 °C to produce a crude mixture from which the main product 
was isolated by column chromatography. 'H NMR spectroscopy of this compound 
showed it to contain a methyl group at 6 2.38 which showed coupling of 0.9 Hz to a 
single proton at 6 6.24 which showed a further coupling of 3.5 Hz to a proton at S 
6.16, and a further set of doublets at S 5.80 and 8 7.66 with a coupling constant of 9.0 
Hz. These spectral data were not as expected should the product be.formed from ring 
closure to produce the expected fused thiophene pyridone structure, as the two 
observed coupling constants were significantly different to those of 5.8 and 6.0 Hz 
observed for 4H-thieno[3,2-b]pyridin-7-one 339. Should ring closure to the thiophene 
pyridone have proceeded, this implied that the methyl group must have migrated to 
the oxygen or nitrogen position, but the chemical shift of the methyl group (8 2.38) is 
greatly different to that observed for 1-methylpyridin-4-one 352 (8 3.62) and 4-
methxoypyridine 353 (6 3.8 1).173  Mass spectrometry showed a major peak at m/z 165 
whilst ' 3C NMR spectroscopy showed the presence of eight carbon peaks, indicating 
that the product had not lost any further atoms since the formation of the 
methyleneketene. 
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To investigate the compound, further NMR experiments were carried out. HSQC 
experiment showed the following proton to carbon correlations: 6 5.80; 6 105.96: 6 
6.16; 6 107.16: 6 6.24; 6 112.32: and 6 7.66; 6 136.21. An HMBC experiment showed 
proton to carbon correlations of two and three bond distances, as listed in Table 32. A 
COSY experiment confirmed the proton to proton couplings implied by the coupling 
constants. A NOESY experiment showed that the only through space interactions 





Proton Signal Carbon Signals Observed and Assignment 
82.31 6 112.32 (CH) and 6 127.45 (quat) 
65.80 6 136.21 (CH) and 6 181.08 (quat) 
56.16 6 112.32 (CH), 6 119.51 (quat) and 6 127.45 (quat) 
66.24 6 107.16 (CH), 6 119.51 (quat) and 6 127.45 (quat) 
67.66 6 105.96 (CH), 6 119.51 (quat), 6 127.45 (quat) and 6181.08 (quat) 
Table 32: HMBC data of the main product formed by FVP of Meidrum's acid 
derivative of 2-amino-3-methylthiophene 274 at 550 °C 
However, these combined data were insufficient to define a structure unambiguously 
so a (DJM)-INEPT-INADEQUATE experiment was carried out. A (DJM)-1NEPT-
INADEQUATE experiment allows the identification of the carbon skeleton of organic 
molecules, by showing carbon to carbon bonds of one bond or more than one bond 
length that originate from non-quaternary carbon atoms. 174  The difference between 
one bond and greater than one bond length interactions can be easily observed from 
the spectra by the size of coupling constants observed. Typically, the interactions that 
are greater than one bond are two or three bonds between carbon atoms. Table 33 lists 
the carbon to carbon bonds observed by this method, as well as the observation on 
distance between the carbon atoms. 
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Carbon Signal Carbon Signals Observed and Assignment 
6 11.27 6 107.16 (long), 6 112.32 (long), 6 127.45 (short) and 6 136.21 (long) 
6 105.96 6 127.45 (long), 6 136.21 (short) and 6 181.08 (short) 
6 107.16 6 11.27 (long), 6 112.32 (short), 6 119.51 (short) and 6 136.21 (long) 
6 112.32 6 11.27 (long), 6 107.16 (short) 6 127.45 (short) and 6 136.21 (long) 
6 136.21 6 11.27 (long), 6 105.96 (short), 6 112.32 (long), 6 119.51 (long) and 
6 127.45 (long) 
Table 33: (DJM)-INEPT-INADEQUATE data of the main product formed by FVP of 
methylene Meldrum's acid derivative of 2-amino-3-methylthiophene 274 at 550 °C 
By tracing the short range carbon to carbon bonding, it became obvious that the 
carbon atoms existed in two different fragments, the connectivity shown in structures 
354a and 354b. From the chemical shift of the carbon at 6 181.08 this can be assumed 
to be a carbonyl, which leaves five unidentified bonds to the nitrogen and sulfur 
heteroatoms - one each from the carbons at 6 127.45, 6 136.21 and 6 181.08, and two 
from the carbon at 6 119.51. This gave two possible ways for the two fragments to 
connect together via the heteroatoms, either structure 355 or 356. As long range 
coupling is observed between the methyl carbon at 6 11.27 and the CH carbon at 6 
136.21, this implies that the potential structure 355 is incorrect, as it places these two 
carbon atoms five bonds apart. 











With this arrangement of the two carbon fragments, there were still two possible ways 
for the nitrogen and sulfur to be arranged within this framework - either structure 357 
or 358. To investigate this further, a 15N HMBC experiment was carried out, which 
shows long range coupling between the nitrogen atom and protons contained in the 
molecule. This experiment showed the nitrogen to couple to all five of the different 
proton signals, indicating that structure 358 is correct, as for 357 the nitrogen and 
methyl protons are five bonds apart which is too great a distance for this experiment 
to observe coupling. Compound 358 was isolated in a yield of 45%. 




357 	 358 
This structure seems an unlikely product, as the product has lost the thiophene ring 
that was in the starting material, and formed a new pyrrole ring. A mechanism for this 
product has been postulated in Scheme 200. Rather than the iminoketene intermediate 
274a ring closing to the 3-position of the thiophene ring occupied by the methyl 
group, it closes onto the sulfur atom of the thiophene ring to form the zwitterion 274b. 
This step is thought to occur due to the poor migratory aptitude of the methyl group, 
with the lone pair of the sulfur atom being available for donation. This mechanism is 
thought not to have been observed for the only previous 2-aminomethylene 
Meldrum's acid derivative pyrolysed, where the 3-position was occupied by a methyl 
ester 320, due to the ester's greater migratory aptitude than a methyl group. The 
zwitterion 274b then ring opens to produce the intermediate 274c, which after 
migration of the methyl cyclopropene group to the nitrogen yields the 'stabilised 
carbene 274d. This carbene is thought to be particularly stable due to the two 
neighbouring electron donating heteroatoms. The diaminocarbene 359 is known to be 
stable up to 240 °C in the absence of air and moisture, with this stability rationalised 
by a a-electronegative effect and the carbene existing in an out of plane p orbital from 
the electron-rich it system; 175  both of these apply to the stabilization of 274d. 
Intermediate 274d then ring opens before rearranging to form 6-methylpyrrolo[2,1-
b][1,3]thiazin-2-one 358. Full NMR characterization of 6-methylpyrrolo[2,1-
b][1,3]thiazin-2-one 358 is listed in Table 34. 6-Methylpyrrolo[2,1-b][1,3]thiazin-2- 
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one 358 was relatively unstable in chloroform solution, with significant 
decomposition observed after a few days. 
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Position 'H Chemical Shift ' 3C Chemical Shift 
2 181.08 
3 5.80 105.96 
4 7.66 136.21 
6 127.45 
6' 2.31 11.27 
7 6.24 112.32 
8 6.16 107.16 
9 119.51 




The FVP of the methylene Meidrum's acid derivative of 2-amino-3-methylthiophene 
274 at 850 °C gave a mixture of products, of which the major one was 7H-thieno[2,3-
b]pyridin-4-one 360 (Scheme 201). This product was identified by 'H NMR 
spectroscopy showing two pairs of doublets; no methyl group was present. Mass 
spectrometry showed a species of the correct molecular mass. No evidence was found 
for the formation of 6-methylpyrrolo[2, 1-b] [1 ,3]thiazin-2-one 358, indicating that at 
higher pyrolysis temperatures the ring closure of the imino ketene intermediate at the 
3-position of the thiophene becomes thermodynamically feasible, hence the 
intermediate 274b is not formed. The formation of 360 confirms previous work 
suggesting the low migratory aptitude of a methyl group.' 61 
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2. 4. 7. 	The Pyrolysis of Aromatic N-Methylene Meldrum's Acid 
Derivatives With an Adjacently Substituted Benzoyl Group 
FVP of the methylene Meidrum's acid derivative of 2-aminobenzophenone 361 at 550 
°C led to the formation of 4-benzoyloxyquinoline 362 in a yield of 66%. This product 
was identified by 'H and ' 3C NMR spectroscopy and mass spectrometry showing the 
product contained the benzoyl moiety, and 'H NMR spectroscopy showing a set of 
doublets at ö 8.98 and ö 7.46 corresponding to the H(2)- and H(3)-positions hence no 
substitution had occurred at these positions. This showed that the benzoyl group had 
migrated to either the N- or 0-positions. Attempts to identify the product by 
comparison of the 13C chemical shifts of the carbonyl of the acetyl was unsuccessful, 
due to the similarity of this parameter for N-acetyl and 0-acetyl compounds, as 
observed for 4-acetoxypyridine 363 (8 167.17) and 1-acetylpyridin-4-one 364 ( 
167 . 39) . 176  However, the coupling constant between H(2) and H(3) shows significant 
differences for 4-acetoxypyridine 363 (6.0 Hz) and I -acetylpyridin-4-one 364 (8.2 
Hz). 176  In this case, the observed coupling constant of 4.4 1-lz the benzoyl group has 
probably migrated to the 0-position to form 362. This was presumably formed by a 
1,7 shift of the benzoyl moiety from the ring closed intermediate (Scheme 202). With 
the FVP of the methylene Meldrum's acid derivative of 2-aminobenzophenone 361 at 
850 °C, 4-benzoyloxyquinoline 362 was still observed to be the major product, along 
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These results implies that the benzoyl group to be of a greater migratory aptitude than 
a hydrogen atom. 
2.4.8. 	The Pyrolysis of Aromatic N-Methylene Meidrum's Acid 
Derivatives With an Adjacently Substituted Acetyl Group 
FVP of the methylene Meldrum's acid derivative of o-aminoacetophenone 365 at 850 
°C led to the formation of two products which were separated by column 
chromatography. The major product was shown by 'H NMR spectroscopy to contain 
six proton signals in the expected coupling patterns from a quinolin-4-one system 
unsubstituted on any of the carbon positions, but with a CH3 present from the acetyl 
group. ' 3C NMR spectroscopy and mass spectrometry confirmed the presence of the 
acetyl group. This indicated that the formed product was either 4-acetoxyquinoline 
366 or l-acetylquinolin-4-one 367, which had been isolated in a yield of 21%. 
Although the compound showed agreement with literature spectra of 4-
acetoxyquinoline 366, 177 it was necessary to still confirm that migration of the acetyl 
group had not proceeded to the N-position. As with the product of the pyrolysis of 
361, comparison of the observed coupling constant between the H(2) and H(3) 
positions (4.4 Hz) with those of 4-acetoxypyridine 363 (6.0 Hz) and 1 -acetylpyridin-
4-one 364 (8.2 Hz), 176  indicated the acetyl group has migrated to the 0-position to 
form 4-acetoxyquinoline 366. The second product of the FVP was identified as 
quinolin-4-one 325 by comparison with spectra of an authentic sample, and was 
isolated in a yield of 32%. The yields of these isolated products differ from the ratio 
of 95:5 for 366 to 325 (Scheme 203) measured by 'H NMR spectroscopy of the crude 
product mixture, due to hydrolysis of 4-acetoxyquinoline 366 to from quinolin-4-one 
325 during the chromatographic process. Previous reports on the study of 4-
acetoxyquinoline 366 indicate that attempted purification tends to increase the amount 
of quinoline-4-one 177  
198 
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FVP of the methylene Meidrum's acid derivative of o-aminoacetophenone 365 at 550 
°C gave a product mixture that whilst including the same two products observed for 
the 850 °C pyrolysis, also contained a third major species in a yield of 19%. This was 
isolated by column chromatography, and shown to be 3-acetylquinolin-4-one 230; 'H 
NMR spectroscopy showed four aromatic protons, a CH 3 from the acetyl group and a 
singlet at ö 8.52 corresponding to the H(2) proton. Comparison with spectra of an 
authentic sample confirmed this assignment. The relative amounts of the three 
products was 4-acetoxyquinoline 366 41%, 3-acetylquinolin-4-one 230 37% and 
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A temperature profile of the pyrolysis was carried out by performing the FVP at 
different temperatures and analysing the resulting product mixtures by 'H NMR 
spectroscopy, as shown in Graph 17. As can be seen, a dramatic rise in the amount of 
4-acetoxyquinoline 366 occurs between 650 °C and 700 °C, whereby at higher 
pyrolysis temperatures almost quantitative production of 366 occurs. (For further 
investigation into the mechanism of the pyrolysis of the methylene Meidrum's acid 
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Graph 17: Temperature profile of the pyrolysis of the methylene Meidrum's acid 
derivative of o-aminoacetophenone 365. Solid line represents 4-acetoxyquinoline 366, 
dotted line 3-acetylquinolin-4-one 230 and dashed line quinoline-4-one 325. 
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FVP of the methylene Meldrum's acid derivative of 2-acetyl-3-aminobenzo[b]furan 
368 at 850 °C produced two products shown, by 'H NMR spectroscopy, to be in a 
ratio of 95:5. The main product was isolated by trituration of the product mixture with 
dichioromethane followed by collection of the precipitate. It was identified by 'H 
NMR spectroscopy which showed four peaks for the aromatic region, a set of 
doublets showing no substitution on the pyridin-4-one portion of the molecule, and no 
peak for the acetyl group, which was consistent with literature spectra of 
benzo[4, 5] furano[3 ,2-b]pyridin-4-one 369.' 78  ' 3C NMR spectroscopy and mass 
spectrometry further confirmed this structure. FVP of the methylene Meldrum's acid 
derivative of 2-acetyl-3-aminobenzo[b]furan 368 at 550 °C produced the same two 
products, albeit in a ratio of 50:50. The previously unidentified product was isolated 
by trituration of the product mixture and after filtering of the precipitate the solvent 
was removed to yield the second product. This was identified by 'H NMR 
spectroscopy showing a CH3 for the acetyl group, along with six signals 
corresponding to the six positions around the aromatic system. The coupling constant 
between the H(2) and H(3)-position of 5.3 Hz implied migration of the acetyl to the 
0-position to form 4-acetoxybenzo[4,5]furano[3,2-b]pyridine 370 rather than 
migration of the acetyl to the N-position, by comparison with the coupling constants 
of 4-acetoxypyridine 363 and l-acetylpyridin-4-one 364.176  1 3C NMR spectroscopy 
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Scheme 205 
Benzo[4,5]furano[3,2-b]pyridin-4-one 369 has previously been synthesized by a 
seven step route from o-cyanophenol 287 as shown in Scheme 206,178  compared with 
the four overall steps of the new Meidrum's acid route. Whilst only the last four steps 
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for the literature yield are quoted, they proceed overall in a 4% yield, compared to the 
entire synthesis Meldrum's acid route which proceeds in an unoptimised yield of 8%. 
Compound 369 has been investigated as an anti allergy remedy. 178 
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FVP of the methylene Meldrum's acid derivative of 2-acetyl-3-
aminobenzo[b]thiophene 371 at 550 °C produced two compounds in a ratio of 40:60. 
The two products were separated by column chromatography, with the minor product 
shown to be less polar. The 'H NIVIR spectrum of this compound showed the presence 
of a CH3 for the acetyl group along with six peaks corresponding to the four benzene 
and two pyridinone protons, indicating that the acetyl group had migrated to either the 
oxygen or nitrogen sites. The coupling constant between the H(2) and 11(3)-position 
of 5.3 Hz implied migration of the acetyl to the 0-position to form 4-
acetoxybenzo[4,5]thieno[3,2-b]pyridine 372 rather than migration of the acetyl to the 
N-position, by comparison with the coupling constants of 4-acetoxypyridine 363 and 
I -acetylpyridin-4-one 364.176  This was further confirmed by ' 3C NMR spectroscopy 
and mass spectrometry results, showing the product to be 4-
acetoxybenzo[4,5]thieno[3,2-b]pyridine 372. The 'H NMR spectrum of the major 
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product showed the presence of the six peaks from around the core of the molecule, 
but no acetyl group was indicated. This was further confirmed by I t NMR 
spectroscopy and mass spectrometry results, showing the product to be 
benzo[4,5]thieno[3,2-b] pyridin-4-one 373. FVP of the methylene Meldrum' s acid 
derivative of 2-acetyl-3-aminobenzo[b]furan 371 at 850 °C produced the same two 
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Scheme 207 
FVP of the methylene Meidrum's acid derivative of 2-acetyl-3-aminothiophene 374 at 
850 °C showed two products formed in a ratio of 92:8 by 'H NMR spectroscopy. As 
the major product contained no acetyl peak it was assumed to be 4H-thieno[3,2-
b]pyridin-7-one 339, which was confirmed by comparison with spectra of an 
authentic sample. The minor product was shown by 'H NMR spectroscopy to contain 
an acetyl peak and a singlet at ö 8.46 corresponding to the H(5)-position, indicating 
the product to be 6-acetyl-4H-thieno[3,2-b]pyridin-7-one 375. This was confirmed by 
comparison with the literature 'H NMR spectrum. 179  FVP of the methylene 
Meidrum's acid derivative of 2-acetyl-3-aminothiophene 374 at 550 °C showed the 
same two products formed in a ratio of 2:1 (Scheme 208). 
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Scheme 208 
The results of the products formed by the pyrolysis of N-methylene Meidrum's acid 
derivatives with an adjacent acetyl group are summarised in Table 35. Two major 
features stand out from this information. Firstly, whilst the pyrolysis of the benzene 
system 365 leads to the formation of 4-acetoxy, 3-acetyl and deacylated products, the 
benzo[b]furan 368 and benzo[b]thiophene 371 systems produce only the acetoxy and 
deacylated products, whilst the thiophene system 374 produces only the 3-acetyl and 
deacylated products. Secondly, whilst the amount of 4-acetoxy increases with 
pyrolysis temperature and amount of deacylated product decreases for the benzene 
system 365, the reverse is true for the benzo[b]furan 368 and benzo[b]thiophene 371 
systems. 
Aromatic System FVP Temperature % 4-Acetoxy % 3-Acetyl %No Acetyl 
Benzene 365 550°C 41 22 37 
850°C 95 0 5 
Benzo[b]furan368 550°C 50 0 50 
850°C 5 0 95 
Benzo[b]thiophene 
371 
550 °C 60 0 40 
850°C 40 0 60 
•Thiopene374 550°C 0 33 67 
850°C 0 8 92 
Table 35: Ratio of products formed by pyrolysis of N-methylene Meldrum's acid 
derivatives with an adjacent acetyl group 
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Of the four systems studied, the two where migration of the acetyl group proceeds to 
the 3-position are the system 365 and 374 wherein the substituents are attached to a 
single aromatic ring. This may be due to the fact that ring closure of the iminoketene 
leads to an intermediate which has complete loss of aromaticity. The migration of the 
acetyl group to the 3-position may be the easiest way for the molecule to regain 
aromaticity. For the fused benzene systems 368 and 371, where only the aromaticity 
of one ring is disrupted migration proceeds to the 0-position rather than the 3-
position. 
This pattern was further observed in the study of the FVP of 5-[(4-oxopent-2-en-2-
ylamino)methylene]2,2dimethyl-1,3-dioxane-4,6-dione 376, which has previously 
been seen to undergo pyrolysis at 600 °C to yield equal amounts of 4-acetoxy-6-
methylpyridine 377 and 6-methylpyridin-4-one 378 (Scheme 209).78  No evidence for 
migration of the acetyl group to the 3-position was observed. This fits the pattern 
already suggested that when aromaticity does not need to be restored the acetyl will 




0 	 I + 
376NH 	
N 
377 	 H 
378 
Scheme 209 
However, the reasons for the increasing amount of acetoxy compound with increasing 
temperature observed for the FVP of the benzene analogue 365 compared with the 
decrease for the benzo[b]furan 368 and benzo[b]thiophene 371 could not be so easily 
rationalised. Whilst it would be expected that the tendency to lose ketene would 
increase with temperature, this did not explain the behaviour of 365, where instead the 
amount of acetoxy product 366 increased with temperature. To investigate this 
further, a mechanistic study of the pyrolysis of 365 was undertaken. 
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2. 4. 9. 	An in Depth Study of the Mechanism of Pyrolysis of the methylene 
Meidrum's acid derivative of o-Aminoacetophenone 
As seen in the previous section, the FVP of the methylene Meidrum's acid derivative 
of o-aminoacetophenone 365 produces three different products. The pyrolysis 
proceeds via the iminoketene 365a ring closing to the intermediate 365b. From here, 
4-acetoxyquinoline 366 can be generated via a 1,7 shift of the acetyl group. From the 
intermediate 365b, a 1,5 shift of the acetyl group can proceed to produce the 
intermediate 365c, from which a 1,3 hydrogen shift can generate 3-acetylquinolin-4-
one 230 (Scheme 210). However, it was unknown which if any of these steps were 
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The first area of the mechanism that was investigated was the reversibility of the 1,7 
shift of the acetyl group from intermediate 365b to form 4-acetoxyquinoline. To test 
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this, 4-acetoxyquinoline 366 was repyrolysed at 550 °C. If the step was reversible, the 
intermediate 365b would be formed and leading to 3-acetylquinolin-4-one 230 and 
quinolin-4-one 325, as had been observed when the intermediate 365b was generated 
at this pyrolysis temperature from the methylene Meldrum's acid derivative of o-
aminoacetophenone 365. However, when the experiment was carried out, only 4-
acetoxyquinoline 366 was recovered in a yield of 48% (Scheme 211), indicating the 
step to be in-reversible. The low yield was due to some decomposition of 4-





Recovered starting material 
To investigate if the 1,5 shift of the acetyl from 365c to 365b was reversible, a 
pyrolysis percursor was required that would generate 365c but which did not proceed 
via 365b. For this reason, methyl-2-(N-phenylaminomethyleneacetoacetate) 379 was 
synthesised, as under pyrolysis conditions it was expected to lose methanol to 
generate the ketene intermediate 365d, which could then ring close and following a 
1,5 hydrogen shift generate intermediate 365c (Scheme 212). If any 4-
acetoxyquinoline 366 is formed it indicates that either migration of the acetyl group to 
the oxygen is possible from the 3-position, or that the 1,5 shift of the acetyl is 
reversible such that 365b is formed. If no 4-acetoxyquinoline 366 is in the product 
mixture, but quinolin-4-one 325 is present, it indicates that loss of ketene can occur 
from the intermediate 365c. 
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Scheme 212 
Methyl-2-(N-phenylaminomethyleneacetoacetate) 379 was synthesised in two steps 
by literature procedures.'80' 181  Trimethyl orthoformate, methyl acetoacetate and acetic 
anhydride were heated together to produce methyl-2-(methoxymethylene)acetoacetate 
380 in a 19% yield. This then underwent reaction with aniline 10 to produce methyl-
2-(N-phenylaminomethyleneacetoacetate) 379 in a 63% yield (Scheme 213). 
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Scheme 213 
FVP of methyl-2-(N-phenylaminomethyleneacetoacetate) 379 at temperatures 
between 450-850 °C proceeded to give a mixture of 3-acetylquinolin-4-one 230 and 
quinolin-4-one 325 but no 4-acetoxyquinoline 366 (Scheme 214), indicating that the 
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1,5 shift of the acetyl group from 365c to 365b is irreversible, and that loss of ketene 
can occur from 365c. This also shows that the acetyl group cannot migrate from the 3-
position to the oxygen. A temperature profile of the FVP was carried out by 
performing the FVP of methyl-2-(N-phenylaminomethyleneacetoacetate) 379 at 
•various pyrolysis temperatures and analysing the resulting product mixture by 'H 
NMR spectroscopy, as shown in Graph 18. As can be seen, with increasing pyrolysis 
temperature the amount of quinolin-4-one 325 formed increases. However, even at 
850 °C the product mixture contains 46% 3-acetylquinolin-4-one 230. As the 850 °C 
FVP of the methylene Meidrum's acid derivative of o-aminoacetophenone 365 shows 
Ca. 5% quino!in-4-one 325 but no 3-acetyi-4-quinolin-4-one 230 this indicates that the 
loss of ketene is not occurring from intermediate 365c, which implies that loss of 
ketene is occurring from intermediate 365b. 
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Graph 	18: 	Temperature 	profile 	of the 	FVP 	of methyl-2-(N- 
phenylaminomethyleneacetoacetate) 379. Dashed line represents methyl-2-(N-
phenylaminomethyleneacetoacetate) 379, dotted line represents quinolin-4-one 325 
and solid represents 3-acetylquinolin-4-one 230. 
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The final step of the overall mechanism that was investigated was the 1,3 hydrogen 
shift to form 3-acetylquinolin-4-one 230 from intermediate 365c. If this step is 
reversible, then FVP of 3-acetylquinolin-4-one 230 should generate intermediate 
365c, from which amounts of quinolin-4-one 325 would be produced. However, when 
the pyrolysis was carried out at both 650 °C and 750 °C, only 3-acetylquinolin-4-one 
230 was recovered in a yield of 33% (Scheme 215), indicating that the 1,3 hydrogen 
shift from 365c to 230 is irreversible. 
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Scheme 215 
The overall mechanism of the reaction is thus shown in Scheme 216. It has been 
established that the formation of quinolin-4-one 325 can occur from either of the 
intermediates 365b or 365c. It has also been shown that the three migratory steps are 




































These results suggest that for the pyrolysis of 365, the 1,7 migration of the acetyl 
group to the oxygen is at high temperatures the most favourable mechanism. 
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However, for the benzo[b]furan 368 and benzo[b]thiophene 371 systems where the 
amount of acetoxy compound formed decreases with temperature, it appears that this 
pathway is not so favourable. At high temperatures these pyrolyses favour the loss of 
ketene, presumably either from the initially formed ring closed product, or after 1,5 
shift of the acetyl group. DFT calculations to analyse the energetics of these processes 
would help to gain further insight. 
Overall, the pyrolysis of ortho substituted aromatic N-methylene Meldrum's acid 
derivatives has been shown to be a useful synthetic pathway to various novel 
polycyclic systems. The identity of the adjacently substituted group, and the character 
of the aromatic system to which it is attached have been shown to have a major 
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m/z mass to charge ratio 
M molecular ion mass 
UV-Vis Ultraviolet-Visible spectroscopy 
Amax peak wavelength 
E molar extinction co-efficient 
h hours 
min minutes 
cm  cubic centrimetres 
g grams 
conc. Concentrated 
aq. aqueous solution 
wlv weight/volume 
T1 furnace temperature 
Ti inlet temperature 
t time taken for pyrolysis 
M mass of substrate used 
P pressure 
3.2. 	Instrumentation and General Techniques 
3. 2. 1. 	
1
Nuclear Magnetic Resonance Spectroscopy 
1 H NMR spectra were recorded on DPX360 (360 MHz), Bruker ARX250 (250 MHz), 
Bruker AC200 (200 MHz), and Varian Gemini 200 (200 MHz) spectrometers. 
' 3C NMR spectra were obtained on DPX360 (90 MHz), Bruker AC250 (63 MI-k) and 
AC200 (50 MHz) instruments. 
The DPX360 was operated by Miss F. M. McMillan, Mr J. R. A. Millar, Dr D. Reed, 
Dr. D. Uhrin and Mr S. I. Wharton. The Bruker AC250 was operated by Mr. J. R. A. 
Millar, the Bruker AC200 by Mr W. Kerr and the Varian Gemini 200 by Mr. A. P. 
Gaywood. 
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Spectra were recorded for solutions in [2H] chloroform, unless otherwise stated. 
Chemical shifts (oH and 0c) are quoted in ppm relative to tetramethyl si lane, and all 
coupling constants are given in Hertz (Hz). Unless otherwise stated, 13C peaks are CH 
resonances. 'H NMR Spectra were recorded at 250 MHz and 13C spectra at 63 MHz 
unless otherwise stated. 
	
3.2.2. 	Mass Spectrometry 
All spectra were obtained by electron impact on a Kratos Profile instrument for 
nominal masses and a Kratos MS50TC instrument for accurate masses. Spectra were 
recorded by Mr. A. T. Taylor. 
3.2.3. 	Elemental Analysis 
Microanalyses were carried out on a Perkin Elmer 240 Cl-IN Elemental Analyser by 
Mrs S. Djurdjevic. Many compounds synthesised during the course of this research 
are unstable and purification is not possible. In these cases accurate mass is recorded 
rather than elemental analysis. 
3.2.4. 	Melting Points 
Melting points were measured on a Gallenkamp capillary tube apparatus and are 
uncorrected. 
3.2.5. 	Structure Determination 
X-Ray crystal structure data were obtained by Dr. S Parsons on a Stoe STADI-4 four 
circle diffractometer or a Bruker Smart Apex CCD diffractometer with graphite 
monochronator. 
3.2.6. 	UV-Vis Spectroscopy 
All UV-vis spectra were recorded by Mr A. P. Gaywood on a Perkin-Elmer 900 
Lambda spectrometer instrument. The solvent used is indicated. 
3.2.7. 	Infra-Red Spectroscopy 
IR spectra were obtained as nujol mulls or liquid films on a Perkin-Elmer Paragon 
1000 FT-JR spectrometer. All spectral data are quoted in wavenumbers (cm'). 
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3. 2. 8. 	Chromatography 
Thin-layer chromatography was carried out on Merck aluminium-backed plates 
coated with Kieselgel GF254 (0.2 mm), impregnated with ultra violet indicator. 
Dry-flash column chromatography was carried out on Kieselgel GF254 silica. The 
crude materials were pre-absorbed onto silica gel using DCM or methanol, and then 
loaded onto the column. Elution was carried out under vacuum supplied by a vacuum 
pump. 
3.2.9. 	Solvents 
All reagents were standard laboratory grade and were used as supplied, unless 
specifically stated in the text. Solvents for general use were standard laboratory grade 
and were used as supplied, unless specifically stated in the text. 
3.2.10. 	Flash Vacuum Pyrolysis 
Flash vacuum pyrolysis involves gaseous molecules being subjected to high 
temperatures for very short periods of time, usually 102103  seconds. In principle, the 
substrate is distilled or sublimed through an electrically heated tube which is 
connected to a cold trap and vacuum line. 
Figure 13 illustrates the apparatus used in such experiments and is based on the design 
of W.D. Crow of the Australian National University. 
Nitrogen 
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Figure 13 
A glass BUchi oven, or metal Kugelrohr oven for potentially explosive azides, was 
used to volatilise the substrate at temperatures lower than 300°C and the gaseous 
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substrate is then drawn through a silica tube (30 x 2.5 cm) heated by a Carbolite 
electronically controlled laboratory tube furnace Model No MTF 12/38/250. The 
products are collected at the exit of the furnace tube in a trap surrounded by liquid 
nitrogen. The system was evacuated and the vacuum maintained by an Edwards 
Model ED100 high capacity oil pump for pressures of I x 10 2  Torr or suplemetned 
by an oil diffusion pump for pressures of 1 x 10 6  Torr. Reaction products are 
collected in the U-shaped product trap. Once the reaction is complete, the pump is 
isolated and the product trap is allowed to warm to room temperature under an 
atmosphere of nitrogen.The entire pyrolysate was either scraped from the trap for 
analysis or washed through with a suitable solvent. 
Standard pyrolysis parameters used throughout this section are furnace temperature T1, 
inlet temperature Ti, pressure P, time of pyrolysis t and mass of substrate m. 
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3. 3 Experimental Data Related to Studies on Indoxyl 
o-Azidoacetophenone 22: 
Sodium nitrite (0.81 g, 11.8 mmol) was dissolved in the minimum 
amount of water, and added dropwise to a solution of o- 
aminoacetophenone 95 (1.31 g, 9.9 mmol) in conc. hydrochloric 
- 	acid (2 cm 3) at 0 °C with vigorous stirring. The solution was stirred 
I'13 
22 	for 30 min at 0 °C before being filtered. 
To the filtrate a solution of sodium azide (1.34 g, 18.1 mmol) in the minimum amount 
of water was added slowly at 0 °C with stirring, and the precipitate was collected and 
washed with water to give the azido compound 22 (1.48 g, 95%), mp 19-20 °C (lit., 62 
22-22.5 °C); SH 2.55 (31-1, s, CH3), 7.10-7.20 (21-1, m, Ar-H), 7.45 (IH, m, Ar-H) and 
7.65 (1H, m, Ar-H). 
FYP of o-azidoacetophenone 22: 
0 FVP of o-azidoacetophenone 22 (m 125 mg, 0.78 mmol; Tf 650 °C; 
T 1 40 °C; P 2 x 10.2  Torr; t 50 mm) gave indoxyl 2 (82 mg, 75%); 
mp 85-87 °C (lit., 30  84 °C); SH (Keto tautomer) 3.89 (2H, s, CH 2), 
2 H 6.84 (11-1, ddd, J0.8, 7.1 and 7.8, Ar-H), 6.92 (1H, dd, J0.8 and 8.3, 
Ar-H), 7.45 (1H, ddd, J 1.3, 7.1 and 8.3, Ar-H) and 7.62 (11-1, dd, J 1.3 and 7.8, Ar-
H); Sc 54.08 (CH2), 112.92, 118.98, 121.87 (quat), 124.19, 136.88, 162.57 (quat) and 
200.51 (quat); 
5F1 ([2H61-DMSO, enol tautomer) 6.70 [111, d, J 2.1, H(2)], 6.88 
3N
OH (1H, ddd, J 1.0,'6.9 and 7.9, Ar-H), 7.00 (IH, ddd, J 1.3, 6.9 and 
8. 1, Ar-H), 7.21 (1H, dd, J 1.0 and 8. 1, Ar-H), 7.50 (1 H, dd, J 1.3 
and 7.9, Ar-H) and 10.26 (IH, s, OH); 8c ([ 2H6]-DMSO) 106.86, 
2b H 111.05, 116.98, 117.18, 119.67 (quat), 120.69 (CH), 133.47 (quat) 
and 135.69 (quat); m/z 133 (M, 100%,), 105 (53), 104 (90), 78 (67), 77 (29) and 51 
(18). 
FVP of o-azidoacetophenone 22 (m 50 mg, 0.31 mmol; Tf 400 °C; T 1 40 °C; P 2 x 
10 2  Torr; t 20 mm) gave a mixture containing 3-methylbenz[c]isoxazole 23 (91%), o-
azidoacetophenone 22 (7%) and indoxyl 2 (1%) (by 'H NIVIR spectroscopy). 3-
methylbenz[c]isoxazole 23; 5H  2.72 (31-1, s, CH3), 6.76 (IH, dt, Ar-H), 6.84 (IH, dd, 
Ar-H), 7.37 (11-1, dt, Ar-H) and 7.55 (11-1, dd, Ar-H). 
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Temperature profile of pyrolysis of o-azidoacetophenone 22: 
The pyrolyses were carried out (typically m 20 mg, 0.12 mmol; T, 40 °C; P 2.2 x 10 2 
Torr; t 10 mm) at the temperatures described in the following table, with the 
following peaks in the 'H NMR spectrum of the product mixture used to calculate the 
product ratio: o-azidoacetophenone 22 [2.55 (31-1, s, CH3)], 3-methylbenz[c]isoxazole 
23 [2.72 (31-1, s, CH3)] and indoxyl 2 [3.89 (2H, s, CH 2)]. 
Temperature/°C 175 200 250 300 400 500 550 600 650 
o-Azidoacetophenone 22 / % 94 96 56 7 3 0 0 0 0 
3-Methylbenz[c]isoxazole 23 / % 6 4 44 92 91 36 9 2 0 
Indoxyl2/% 0 0 0 1 6 64 91 98 100 
3-Methylbenz[c]isoxazole 23: 
o-azidoacetophenone 22 (131 mg, 0.88 mmol) was dissolved in p- 
xylene and heated under reflux for 2 h. The solvent was then 
removed 	by 	Kugelrohr 	distillation 	to 	yield 	3- 
N 
23 	methylbenz[c]isoxazole 23 (45 mg, 38%). Spectral data as 
previously reported. 
p-Azidoacetophenone 96: 
Sodium nitrite (1.21 g, 17.7 mmol) was dissolved in the 
minimum amount of water, and added dropwise to a solution 
I of p-aminoacetophenone 97 (1.96 g, 14.5 mmol) in conc. 
hydrochloric acid (20 cm 3) at 0 °C with vigorous stirring. The 
Il3 
96 	solution was stirred for 30 min at 0 °C before being filtered. 
To the filtrate a solution of sodium azide (2.01 g, 27.1 mmol) in the minimum amount 
of water was added slowly at 0 °C with stirring, and the precipitate was collected and 
washed with water to give the azido compound 96 (2.68g, 91%); mp 39-41 °C (lit., 63 
36 °C); 6,., 2.57 (31-1, s, acetyl), 7.08 (21-1, d, J 8.9, 2 x  Ar-H), 7.96 (2H, d, J 8.9, x  Ar-
H); 6c  36.85 (CH3), 119.36(2 x  CH), 130.64(2 x Cl-), 134.19 (quat), 145.29 (quat) 
and 196.97 (quat); m/z 161 (42%, M4 ), 133 (100), 91(31), 90 (46), 64 (28) and 63 
(47). 
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Temperature profile of pyrolysis ofp-azidoacetophenone 96: 
p-Azidoacetophenone 96 (50 mg, 0.31 mmol) was pyrolysed at the temperatures listed 
in the following table (typical conditions T 1 40 °C; P 2.6 x 10 2  Torr; t 10 mm). The 
pyrolysate was washed out carefully with [ 2H6]-DMSO, along with p-dinitrobenzene 
(15 mg, 0.91 mg). The integral of the p-dinitrobenzene peak compared with the two 
peaks for the aromatics from remaining p-az idoacetophenone 96 was then measured. 
This value was then normalised against the value obtained for pyrolysis at 200 °C (the 
temperature at which no pressure increase was noted during reaction, showing no 
nitrogen gas to have been created i.e. all azide remained unreacted). The following 
table shows the measured values. 
Temperature/°C 200 250 300 350 400 
Ratio ofp-azidoacetophenone 96 top- 
dinitrobenzene present 
3.54 4.08 2.58 0.23 0.12 
% p-Azidoacetophenone 96 remaining 100 115 73 7 3 
2-Amino-5-hydroxyacetopheflOfle 99: 
	
o 	To o-azidoacetophenone 22 (4.70 g, 29 mmol) was added 
HO 	 dropwise with cooling conc. H2SO4  (10 cm3), and the mixture 
I then neutralized with NaOH (2 M). This solution was 
3 
99 NH
2  extracted with ethyl acetate (5 x  100 cm ), the organic 
extracts backwashed with brine, dried (MgSO4) and the 
solvent removed by rotary evaporation. The crude product was then recrystallised 
from toluene to yield 2-amino-5-hydroxyacetophenone 99 (1.63 g, 38%); mp 176-178 
°C (lit.,  67  176-177 °C); 5. 2.67 (3H, s, acetyl), 6.81-6.92 [31-1, m, NH 2 and H(3)], 7.06 
[IH, dd J4,6 2.8 and J43 8.8, H(4)], 7.30 [III, d, J64 2.8 H(6)] and 8.91 (IH, s, OH); oH 
27.69 (CH3), 115.45, 116.67 (quat), 117.83, 123.76, 144.28 (quat), 145.97 (quat) and 
199.38 (quat); m/z 151 (M, 100%), 136 (95), 108 (71), 80 (115) and 62 (25). 
2-Amino-5-methoxyacetophenone 102: 
o 	To a solution of 2-amino-5-hydroxyacetophenone 99 (336 
MeO 	 mg, 2.23 mmol) and cesium carbonate (1.8 g, 9.33 mmol) in 
I DMF (15 cm  3)  was added methyl iodide (0.15 cm3 , 2.23 ~"U 
102 	2 
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mmol) dropwise at room temperature over 3 h. This was stirred at room temperature 
for 21 h. Water (10 cm 3)  was added, extracted with DCM (3 x  25 cm 
3),  the organic 
extracts backwashed with water, dried (MgSO4), and the solvent removed by rotary 
evaporation to yield 2-amino-5-methoxyacetophenone 102 (270 mg, 73%); oH 2.56 
(3H, s, acetyl), 3.78 (3H, s, MeO), 5.99 (2H, br s, NH2), 6.62 [lI-I, d, J3,4  8.9, H(3)] 
6.97 [1H, dd, J4, 3 8.9 and J4,6 2.9, H(4)] and 7.17 [1H, d, J6, 4  2.9, H(6)]; 0c  27.81 
(CH3), 55.88 (CH3), 119.55, 117.91 (quat), 118.40, 122.90, 144.81 (quat), 149.77 
(quat) and 200.10 (quat); m/z 165 (M, 70%), 150 (100) and 122 (18). 
2-Azido-5-methoxyacetophenone 98: 
To a solution of 2-amino-5-methoxyacetophenone 102 (250 
MeO 	
mg, 1.52 mmol) in conc. hydrochloric acid (3.8 cm 3) and 
I
water was added dropwise sodium nitrite (164 mg, 2.38 
mmol) in the minimum amount of water at 0 °C and stirred 
98 	
N3 
for 20 mm. This was added dropwise at 0 °C to a solution of 
sodium acetate (3.6 g, 50 mmol) and sodium azide (215 mg, 3.31 mmol) in water (8 
cm3) and stirred for a further 2 h. The resulting precipitate was collected and washed 
with water to yield 98 (230 mg, 78%); mp 34-35 °C (lit., 65 36.7-38.8 °C); 0,-, 2.64 
(3H, s, acetyl), 3.82 (3H, s, CH30), 7.07 [111, dd, J4,3  8.7 and J4, 6  2.7, H(4)], 7.15 
[IH, d, J34 8.7, H(3)] and 7.24 [IH, d, J64 2.7, H(6)]; 0c  31.14 (CH3), 55.58 (CH3), 
113.87, 119.86, 120.26, 131.14 (quat), 131.48 (quat), 156.46 (quat) and 198.73 (quat); 
m/z 191 (Mt, 9%), 169(50), 167 (50), 163 (14), 149 (100), 137 (42), 136 (28), 135 
(18), 121 (19) and 105 (26). 
FYP of 2-azido-5-methoxyacetophenone 98: 
FVP of 2-azido-5-methoxyacetophenone 98 (m 32 mg, 0.17 
MeO 	-- 	mmol; Tf 400 °C; T 1 40 °C; P 3 x 10 2  Torr; t 15 mm) 
yielded a mixture of 9:1 (by 'H NMR spectroscopy) of 5- 
103 methoxy-3-methylbenz[c]isoxazole 103 and 5-
methoxyindoxyl 104. 103 by comparison with literature 'H NMR spectroscopy; 65 8H 
2.72 (3H, s, CH3), 3.83 (3H, s, CH30), 6.47 [IH, d, J46 2.2, H(4)], 7.00 [IH, dd, J64 
2.2 and J6, 7 9.7, H(6)] and 7.43 [1H, d, J7 6 9.7 H(7)]; 
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For Tf = 600 °C, product mixture was almost entirely 5- 
methoxyindoxyl 104 with only trace amounts of 5-methoxy- MeO 
1::):N 
104 H 
3-methylbenz[c]isoxazole 103; 5-methoxyindoxyl 104 oH 
3.79 (3H, s, CH30), 3.92 (2H, s, CH2), 6.90 [1 H, d, f7 . 6 8.7, 
H(7)], 7.07 [1H, d, J4 , 6  2.7, H(4)] and 7.16 [1H, dd, J6 42.7 
and J6,7 8.7, H(6)]. 
Temperature profile of pyrolysis of 2-azido-5-methoxyacetophenone 98: 
The pyrolyses were carried out (typically m 32 mg, 0.17 mmol; T 1 40 °C; P 3 x 10 2 
Torr, t 15 mm) at the temperatures described in the following table, with the following 
peaks in the 'H NMR spectrum of the product mixture used to calculate the product 
ratio: 2-azido-5-methoxyacetophenone 98 [2.64 (3H, s, acetyl)], 5-methoxy-3-
rnethylbenz[c]isoxazole 103 {2.72 (3H, s, CH3), 6.47 [1 H, d, J4 6 2.2, H(4)]} and 5-
methoxyindoxyl 104 [3.92 (2H, s, CH2)]. 
Temperature / °C 300 400 500 600 
2-Azido-5-methoxyacetophenone 98 / % .18 0 0 0 
5-Methoxy-3-methylbenz[c]isoxazOle 103 / % 82 90 44 1 
5-Methoxyindoxyl104/% 0 10 56 99 
Indigotin 1: 
Indoxyl 2 (143 mg, 1.08 mmol) was dissolved in a 
mixture of phosphate buffer (pH 7, 16.9 cm 3) and 
methanol (2.5 cm3). The mixture was heated to 45- 
50 °C, and over 50 min a solution of potassium 
10 ferricyanide (0.355 g, 1.08 mmol) was added with 
stirring. The mixture was allowed to cool to room temperature, stirred for a further 15 
mm, then stored overnight in a freezer. The resulting precipitate was filtered, washed 
with water and dried. To remove any remaining indoxyl 2, the product was suspended 
in chloroform (4 cm 3),  stirred at room temperature for 30 mm, filtered and dried to 
yield indigo 1 (79 mg, 55%); mp> 390 °C (decomp) [lit., 73 390-392 °C (decomp)]; 
Xmax (DMSO) 620 nm; m/z 263 (25%), 262 (M, 100%), 234 (24) 206 (24), 205 (19), 
104 (3 1) and 76 (21). No NMR data was available due to the compound's insolubility. 
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3-Methoxy-1H-indole 25: 
To a solution of indoxyl 2 (120 mg, 0.90 mmol) in methanol (3 
0-- cm 3)  was added sodium hydroxide (191 mg, 4.66 mmol) and 
i
dimethyl sulfate (201 mg, 2.58 mmol), and the resulting solution 
	
N 	
was stirred for 3 h at room temperature before being left to stand 
25 H for 16 h. The solvent was removed by rotary evaporation, water 
(10 cm) was added, the resulting was solution was extracted with ether (5 x  20 cm  
portions), the organic extracts dried (MgSO4), and the solvent removed by rotary 
evaporation to give 3-methoxy-1H-indole 25 (66 mg, 49%); 5H  3.88 (3H, s, CH3), 
6.65 [1H, d, J2.4, H(2)], 7.07 (1H, ddd, J 1.2, 6.7 and 7.9, Ar-H), 7.16-7.27 (2H, m, 2 
Ar-H), 7.49 (1H, br, NH) and 7.57 (IH, dd, J 1.1 and 7.8, Ar-H); Sc 58.02 (CH3), 
103.82, 111.03, 117.74, 118.77, 119.38 (quat), 122.67 (CH), 134.28 (quat) and 142.02 
(quat). 
3,3'-Dimethoxy-1,1 1 -dimethyl-lH,l 'H-[2,2']biindolyl 111: 
/ 	
Sodium hydride (426 mg, 50% dispersion in oil) 
was washed thrice with ig t petroleum and dried  
I / 	
under vacuum for 30 mm. This was then 
N 	N suspended in THF (10 cm 3
), added to indoxyl 2 
\ / 	 (295 mg, 2.21 mmol) and stirred for 10 min at 
room temperature. A solution of methyl iodide 
(1.445 g, 10.1 mmol) in THF (10 cm 3)  was added, and the mixture stirred at room 
temperature for a further 30 mm. The reaction was quenched with methanol (10 
CM), 
poured into water (10 cm 3) and extracted with DCM (3 x  25 cm 
3),  the organic extracts 
dried (MgSO4) and the solvent removed by rotary evaporation, yielding 208 mg of 
crude product. This was purified by dry flash chromatography (10% hexane in DCM) 
to give 3,3'-dimethoxy- 1,1 '-dimethyl- 1 H, I 'H-[2,2']biindolyl 111 (38 mg, 13%); 5H 
3.60 (6H, s, 2 x  CH3), 3.83 (6H, s, 2 x  CH3), 7.17 (2H, ddd, J 1.2, 8.0 and 9.5,2 x  Ar-
H), 7.30 (2H, dd, J 1.2 and 8.4, 2 x  Ar-H), 7.38 (2H, ddd, J 1.2, 8.4 and 9.5, 2 x  Ar-
H) and 7.72 (2H, dd, J 1.2 and 8.0, 2 x  Ar-H); 5c  30.13 (CH3), 60.95 (CH3), 109.5 1, 
116.11 (quat), 118.12, 118.87, 119.95 (quat), 122.55 (CH), 134.98 (quat) and 139.23 
(quat); m/z 320 (M, 100%), 305 (99), 290 (33), 275 (35), 160 (42) and 146 (35). 
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1,1 '-Dimethyl-lH,l 'H-[2,2']biindolylidene-3,3'-dione 115: 
0 	 Sodium hydride (574 mg, 50% dispersion in oil) 
N 	 was washed thrice with light petroleum and dried 
N 	
under vacuum for 30 mm. This was then 
\suspended in THF (10 cm3), added to indigo 1 
115 0 (390 mg, 1.49 mmol) and stirred at room 
temperature for 10 mm. A solution of methyl iodide (2.20 g, 15.5 mmol) in TI-IF (10 
cm 3)  was added, and stirred for a further 30 mm. The reaction was quenched with 
methanol (10 cm 3)  was added, poured onto water (20 cm 
3),  the mixture extracted with 
DCM (3 x  25 CM),  the organic extracts dried (MgSO4) and the solvent removed by 
rotary evaporation to give 1,1 '-dimethyl- IH, I 'H-[2,2']biindolylidene-3,3'-dione 115 
(50 mg, 12%); mp 193-194 °C (lit.,t82  196 °C); 5H 3.58 (61-1, 5, 2 X  CH3), 6.89-7.68 
(4H, m, 4 x  Ar-H), 7.69 (2H, dt, J 1.1 and 8.3, 2 x Ar-H) and 7.70 (2H, dd, J0.9 and 
7.4,2 x  Ar-H); 8c 36.45 (CH3), 110.37, 121.07, 121.43 (quat), 123.74, 126.12 (quat), 
134.90, 125.92 (quat) and 183.13 (quat); m/z 290 (Mt, 29%), 83 (80), 71(86), 69 
(85), 57(100) and 55 (87). 
1-Ac6tylindoxyl 41: 
0 	Indoxyl 2 (106 mg, 0.80 mmol) was dissolved in acetic 
anhydride (5 cm3) and heated using a hot air blower for 5 mm. 
I The solvent was then removed under vacuum, yielding I-
114 
	 acetylindoxyl 41 as a sticky black solid (127 mg, 91%); mp 126- 
41 
/ 	128 °C (lit., 41 133-134 °C); oH 2.22 (3H, s, acetyl), 4.22 (2H, s, 
CH 2), 7.16 (JH, m, Ar-H), 7.56-7.69 (2H, m, 2 x Ar-H) and 8.49 (1 H, m, Ar-H); 3c 
22.04 (CH3 ), 55.97 (CH), 118.47, 123.55, 124.10, 124.22 (quat), 137.24, 141.05 
(quat), 182.6 (quat) and 195.52 (quat); nilz 175 (Mt, 75%), 133 (100), 105 (92), 104 
(82), 77 (67) and 43 (90). 
3-Acetoxy-1-acetyl-1H-indole 47: 
0 To 1-acetylindoxyl 41 (53 mg, 0.32 mmol) was added 
o—'ç pyridine (25 mg, 0.32 mmol) and acetic anhydride (2 cm 3) and 
the solution was heated under reflux for 30 mm. The solvent 
was then removed under vacuum to yield 3-acetoxy-1-acetyl- 
N 
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IH-indole 47 (58 mg, 93%); 8 H 2.39 (3H, s, acetyl), 2.60 (3H, s, acetyl), 7.31 (1H, m, 
Ar-fl), 7.40 (IH, m, Ar-H), 7.54 (1H, m, Ar-H), 7.71 [IH, s, H(2)] and 8.46 (1H, m, 
Ar-H) as for lit.; 183 c  21.41 (CH3), 24.28 (CH3), 113.68, 117.05, 117.83, 123.96 
(quat), 124.11, 126.57, 133.24 (quat), 134.99 (quat), 168.24 (quat) and 169.11 (quat); 
m/z 217 (M, 8%), 175 (31), 133 (100), 132 (13), 104 (12) and 77(10). 
Methoxymethylene Meidrum's acid (MOMMA) 120:' 
Meldrum's acid (14.4 g, 100 mmol) was dissolved in trimethyl 
O 	0 	orthoformate (70 cm 3) and heated under reflux for 2 h. The 
precipitate was removed by filtration, and washed with light 
I 	petroleum to give MOMMA 120 (8.36 g, 45%); mp 125-126 °C 
O (lit.,' 84 120-121 °C); SH 1.78 (6H, s, 2 x CH3), 4.35 (3H, s, OCH3) 









MOMMA 120 (184 mg, 0.99 mmol) and indoxyl 2 (159 mg, 1.20 
mmol) were dissolved in the minimum amount of acetonitrIle and 
stirred for 16 h. The resulting precipitate was then collected and 
identified as 2, 2-dimethyl-5-(3-oxo-2, 3-dihydro-indol-J-
ylmethylene)-[1,3]dioxane-4,6-dione 123 (178 mg, 63%); mp 212-
214 °C (from methanol); (Found: M 287.0796. C 15H, 3N05 
requires M 287.0794); 8H  1.76 (6H, s, 2 x CH3), 4.72 (2H, d, 
CH2), 7.42 (1H, m, Ar-H), 7.64 (1 H, m, Ar-H), 7.80 (2H, m, 2 x 
Ar-H) and 8.74 (1 H, s, alkene); 8c 26.82 (2 x  CH3), 59.66 (CH2), 90.98 (quat), 103.89 
(quat), 112.78, 124.66, 124.87, 126.91 (quat), 137.21, 147.45, 156.64 (quat), 159.61 
(quat), 164.66 (quat) and 193.41 (quat); m/z 287 (M, 17%), 229 (65), 185 (66), 157 
(52), 129 (64) and 43 (100). 
1-Hydroxy-3a-azacyclopenta[ajindene-8-one 129: 
0 	FVP 	of 	2,2-dimethyl-5-(3-oxo-2,3-dihydro-indol-l- 
OH T ~ 
ylmethylene)-[1,3]dioxane-4,6-dione 123 (m 158 mg, 0.55 
mmol; Tf 650 °C; T 1 140 °C; P 9 x 	Torr; t 2 h) gave 1- 
129 
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hydroxy-3a-azacyclopenta[a]indene-8-one 129 (55 mg, 54%); (Found: M, 185.0473. 
C,,H7NO2 requires M 185.0479); 5H ([2H6]-acetone, 360 MHz) 5.85 [IH, d, J2 3 2.9, 
H(2)], 6.97 (1 H, br s, OH), 7.14 [1H, m, H(6)], 7.39 [1 H, d, J32 2.9, H(3)], 7.41 [1H, 
m, H(4)], 7.50 [IH, m, 11(7)] and 7.54 [IH, m, H(S)]; 8C ([ 2H6]-acetone, 90 MHz) 
104.37 [C(2)], 109.54 [C(4)], 115.87 [quat, C(8a)], 121.15 [C(3)], 122.48 [C(7)], 
123.35 [C(6)], 129.89 [quat, C(7a)], 132.48 [C(S)], 141.91 [quat, C(3b)], 149.82 
[quat, C(1)] and 175.13 [quat, C(8)]; m/z 185 (M, 48%), 86 (87), 84 (100), 51(74), 
49 (100) and 47 (53). 
Reaction of 1-hydroxy-3a-azacyclopenta[a]indene-8-one 129 with MOMMA 120: 
129 (55 mg, 0.3 mmol) and MOMMA 120 (49 mg, 0.26 mmol) were dissolved in the 
minimum amount of acetonitrile and stirred overnight at room temperature. Removal 
of solvent yielded only starting material. 
129 (87 mg, 0.47 mmol) and MOMMA 120 (69 mg, 0.4 mmol) were dissolved in 
acetonitrile (5 cm 3) and heated under reflux for 3 h. Removal of solvent yielded only 
starting material. 
Reaction of 1-acetylindoxyl 41 with MOMMA 120: 
Equimolar amounts of 1-acetylindoxyl 41 and MOMMA 120 were dissolved in the 
minimum amount of acetonitrile and stirred for 72 h at room temperature. Removal of 
solvent led to a mixture giving a complex 'H NMR spectrum, containing mainly 
starting material along with other unidentified products. 
Reflux of the above reaction mixture for 2 h gave recovered starting material. 
2-(Dimethylaminomethylene)-indoxyl 136: 
o 	Indoxyl 2 (128 mg, 0.96 mmol) was dissolved in 3 cm  of 
toluene (3 cm 3) and NN-dimethylformamide diethyl acetal 
7N— 
H 	
(512 mg, 3.48 mmol) was added. The mixture was stirred CN 
/ 	
for I h at room temperature, then heated under reflux for I 
136 h. The solvent was removed by rotary evaporation, and 
ethyl acetate (2 cm 3) added. This was stirred for 30 mm, the resulting precipitate 
filtered off and washed with isopropyl alcohol followed by ether to give 2-
(dimethylaminomethylene)-indoxyl 136 (108 mg, 81%); mp 223 °C (decomp) [lit., 84 
215 °C (decomp)]; 8H  ([2H6]-DMSO) 3.19 [611, d, N(CH3)21, 6.79 (111, ddd, J0.7, 7.2 
227 
and 7.7, Ar-H), 7.02 (IH, s, alkene), 7.09 (114, dd, J0.7 and 8.2, Ar-H), 7.33 (1H, ddd 
J0.5, 7.2 and 8.2, Ar-H), 7.48 (1H, dd, J0.5 and 7.7, Ar-H) and 8.99 (1H, s, NH); 6 C  
([2H6]-DMSO) 42.08 (CH3), 112.39, 114.12 (quat), 117.21, 122.31, 131.53, 133.62, 
148.86 (quat) and 179.93 (quat) (one quat missing); m/z 188 (Mt, 100%), 173 (48), 
158 (23), 147 (35), 146 (65) and 42 (27). 
2,2Dimethy15(3oxo-2,3-dihydro-1H-ifldOl-2-YlmethYlene)-L1 ,31 dioxane-4,6-
dione 126: 
OH 	 2-(DimethylaminOmethY1ene)1nd0(Yl 136 (87 mg, 
0.47 mmol) and Meldrum's acid (136 mg, 0.95 
0 	mmol) were dissolved in isopropanol (2 cm 3) and 
- 	N 
H 	 stirred for 5 h at room temperature. The precipitate 
126 	/ 	
was then filtered off, and washed with isopropyl 
/ alcohol followed by ether to give 2,2-dimethyl-5-(3- 
oxo-2,3-dihydro- IH-indol-2-ylmethylene)-[ 1 ,3]dioxane-4,6-dione 126 (67 mg, 51%); 
mp 204-206 °C (lit., 85 210 °C); 8H ([ 2H6]-DMSO) 1.79 (6H, s, 2 x  CH3), 6.98 (1 H, m, 
Ar-H), 7.40 (1H, m, Ar-H), 7.55 (1H, m, Ar-H), 7.83 (1 H, m, Ar-H), 8.30 (1 H, s) and 
10.75 (1H, br s); 6 c ([2H6]-DMSO) 26.41 (CH3), 96.28 (quat), 103.17 (quat), 113.79, 
116.04 (quat), 119.18, 121.54, 131.12, 134.00, 141.11 (quat), 157.30 (quat) and 
163.42 (quat) (Two quats missing - presumed overlaps); m/z 262 (M, 17%), 185 
(100), 157 (38), 129 (83), 102 (22), 76 (35) and 43 (53). 
5H-pyrano[3,2-bjindol-2-one 143: 
o After FVP of 2,2-dimethyl-5-(3-oxo-2,3-dihydro-1H-indOl-2- 
0  o 	ylmethylene)-[1,3]dioxane-4,6-dione 126 (m 55 mg, 0.21 
/ 	
mrnol; Tf 650 °C; T 1 120 °C; P9 x 10 6  Torr; t 2 h) the Utube 
I was first washed through with chloroform to remove 
N  
H 	chloroform soluble impurities, leaving 5H-pyrano[3,2- 
143 bJindol-2-one 143 (Ca. 20 mg 42%); (Found: M 185.0473, 
C 1 1 H7NO2 requires M 185.0477); 8,, ([ 2H6]-acetone) 6.11 (1H, d, J 9.4, alkene), 7.07 
(I H, m, Ar-H), 7.23 (1 H, m, Ar-H), 7.41 (1H, d, J9.4, alkene), 7.66 (1 H, m, Ar-H) 
and 7.88 (1H, m, Ar-H); öc ([ 2H6]-DMSO) 110.76, 112.63, 114.58 (quat), 117.55, 
119.04 (quat), 119.98, 125.54, 128.26 (quat), 135.04, 136.27 (quat) and 161.34 (quat); 
m/z 185 (M, 70%), 157 (45), 129 (41) 102 (20), 76 (16) and 58(100). 
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Dimethyl 2-(3-oxo-1 ,3-dihydro-indol-2-yiidene)-succinate 149: 
o 	 To a solution of indoxyl 2 (130 mg, 0.98 mmol) in 
CO2Me DMSO (3 cm) was added with stirring a solution of 
O~ N 	CO Me 	DMAD (139 mg, 0.98 mmol) in DMSO (1 cm 3). 
H 2 	 The reaction was stirred for 1 h at room temperature, 
149 water (5 cm  3)  was added, and the reaction mixture 
left to stand for 16 h. The precipitate was then filtered off and washed with water to 
remove any remaining DMSO to give dimethyl 2-(3-oxo-1,3-dihydro-indol-2-
ylidene)-succinate 149 (102 mg, 38%); mp 194-196 °C [lit., 9 ' 207-214 °C (decomp)]; 
(Found: M, 275.0793. C 14H 1 3N05 requires M275.0794); oH 3.70 (3H, s, MeO), 3.82 
(3H, s, MeO), 4.03 (2H, s, CH2), 6.87-6.95 (2H, m, Ar-H), 7.44 (1H, m, Ar-H), 7.58 
(I H, m, Ar-H) and 9.48 (1H, br, NH); Oc  28.96 (CH2), 51.31, 51.65 (CH 3), 102.63 
(quat), 110.75, 119.48 (quat), 120.40, 124.50, 136.57, 140.84 (quat), 151.13 (quat), 
168.69 (quat), 171.14 (quat) and 198.67 (quat); m/z 275 (M, 31%), 243 (45), 156 
(35), 78 (94), 63 (100) and 45 (32). 
The above reaction was also noted to take place using DCM as the solvent, and after 
quenching of the reaction with water, extraction using DCM, drying of the organic 
extracts (MgSO4) followed by removal of solvent yielded 2-(3-oxo-1,3-dihydro-indol-
2-ylidene)-succinic acid dimethyl ester 149, although the purity of product produced 
by this method was much decreased. 
Reaction of 1-acetylindoxyl 41 with DM40: 
1-Acetylindoxyl 41 (115 mg, 0.66 mmmol) and DMAD (97 mg, 0.58 mmol) were 
dissolved in DCM (2 cm 3) and stirred for 1 h at room temperature. Water (4 cm) was 
added and the reaction mixture left overnight. The reaction mixture was then 
extracted with DCM, the organic extracts dried (MgSO4) and the solvent removed by 
rotary evaporation. The resulting product was analysed by 'H NMR and shown to 
contain unreacted starting material. 
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Indirubin 3: 
To indoxyl 2 (125 mg, 0.95 mmol) suspended in 
0 I 	methanol (10 cm) was added a solution of isatin 4 
C:CN (148 mg, 1.0 mmol) in methanol (15 cm3) followed by  NH N,N-diisopropylethylamine ('— 0.1 cm 3). This solution 
H 
3 0 	was stirred at room temperature for 30 mm, and the 
resulting precipitate was collected and washed with methanol to yield indirubin 3 (95 
mg, 36%); mp> 330 °C (lit., 38 > 330 °C); Xmax (Methanol) 540 nm (c 13500 1 mot - ' 
cm1 ); 611  ([2H6]-DMSO) 6.92 (11-1, m, Ar-H), 7.00 - 7.08 (21-1, m, 2 x  Ar-H), 7.27 
(11-1, m, Ar-H), 7.43 (IH, m, Ar-H), 7.59 (IH, m, Ar-H), 7.67 (1H, m, Ar-H), 8.78 
(IH, m, Ar-H), 10.92 (IH, s, NH) and 11.04 (1H, s, NH); 6c  ([2H6]-DMSO) 106.37 
(quat), 109.39, 113.25, 118.82 (quat), 121.08 (2 x CH), 121.26 (quat), 124.18, 124.48, 
129.09, 136.30, 138.15 (quat), 140.69 (quat), 152.31 (quat), 170.72 (quat) and 188.51 
(quat); m/z 263 (18%), 262 (M, 100), 234 (49), 205 (22), 131 (15) and 103 (15). 
2,1 1 -Ethanediylidene-bis-indolin-3-Ofle 58: 
0 	
Indoxyl 2 (142 mg, 1.07 mmol) was 
0 	 dissolved in ethanol (7.5 cm3) and glyoxal 
- 	 - 	(40% aq. w/v, 0.06 cm 3 , 1.33 mmol) 
58 	N 	
followed by conc. hydrochloric acid (0.1 
H cm3) were added, and the mixture was 
heated under reflux for 1.5 h. The precipitate was filtered and washed with water 
followed by ethanol to give 2,2'-ethanediylidene-bis-indolin-3-one 58 (47 mg, 31%); 
mp> 310 °C (decomp) (lit., 45  285-286 °C); 6 ([ 2H6]-DMSO) 6.81 (2H, s, alkene), 
6.92 (2H, m, 2 x  Ar-H), 7.03 (2H, m, 2 x  Ar-H), and 7.47-7.75 (4H, m, 4 x  Ar-H) and 
10.70 (2H, s, NH); 6c  ([2H6]-DMSO) 104.23, 111.69, 119.55, 120.09 (quat), 123.92, 
135.95, 131.18 (quat), 151.84 (quat) and 184.52 (quat); m/z 288 (M, 24%), 262 




KL N 'N 
H 154  H 
Sodium nitrite (76.5 mg, 0.88 mmol) was 
dissolved in the minimum amount of water, 
and added dropwise to p-toluidine (75 mg, 
0.7 mmol) in cone. hydrochloric acid (5 cm) 
at 0 °C with vigorous stirring. The solution 
was stirred for 15 min at 0 °C before being filtered. 
A solution of indoxyl 2 (90 mg, 0.7 mmol) in the minimum amount of methanol was 
added dropwise to the filtrate at room temperature. This was stirred for 30 min and the 
precipitate collected to give 2-(p-tolylhydrazono)-indoxyl 154 (83 mg, 49%); mp 
224-227 °C (lit., 44 decomp 256 °C); 8H  ([2H6]-DMSO) 2.40 (3H, s, CH 3), 7.13 [1H, 
m, Ar-H (from fused benzene ring)], 7.22-7.32 [5H, m, 5 x  Ar-H (1 from fused 
benzene ring, 4 from diazo coupled ring)], 7.44-7.65 [2H, m, 2 x  Ar-H (2 from fused 
benzene ring)] and 10.66 (IH, br); öc ([ 2H6]-DMSO) 20.14 (CH3), 111.78, 112.97, 
119.82, 120.43 (quat), 123.44, 129.50, 134.01, 135.86, 141.72 (quat), 149.30 (quat) 
and 180.75 (quat); m/z 251 (Mt, 53%), 180 (100), 179 (35), 119 (36), 91 (72) and 36 
(53). 
1H-Indole-2,3-dione-2-oxime 53: 
0 	To a solution of indoxyl 2 (117 mg, 0.88 mmol) in acetic 
N 	
acid (0.18 cm 3) and water (40 CM)  was added with stirring 
(D~N OH a solution of sodium nitrite (130 mg, 1.89 mmol) in water 
53 H 	(0.6 cm3). The mixture was stirred for 1 h at room 
temperature, filtered, the filtrate extracted with DCM, the organic extracts dried 
(MgSO4) and the solvent removed by rotary evaporation to give 1H-indole-2,3-dione-
2-oxime 53 (33 mg, 23%); mp 197-199 °C (lit.,  41  198-200 °C); oH ([2H6]-DMSO) 
6.87 (1H, m, Ar-H), 7.07 (1H, m, Ar-H), 7.45-7.98 (2H, m, 2 Ar-H) and 11.05 (IH, s, 
NH or OH); Oc  ([2H6]-DMSO) 111.99, 117.60 (quat), 122.55, 124.48, 138.16, 150.50 
(quat), 159.16 (quat) and 184.19 (quat); m/z 162 (Mt, 23%), 147 (83), 119 (100), 92 
(88), 91(51) and 64 (55). 
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2 '-Azidoacetophenone 159: 
0 	To a solution of 2'-bromoacetophenone 160 (500 mg, 2.5 
N 3 mmol) in DMSO (12.5 cm) was added sodium azide (500 mg, 
5.25 mmol) and the mixture was stirred vigorously at room 
159 temperature for 7 mm. Water (12.5 cm 3) was added, and the 
mixture was extracted with DCM (3 x  50 cm 3),  the organic extracts washed 
repeatedly with water to remove DMSO, dried (MgSO4) and the solvent removed by 
rotary evaporation to give 2'-azidoacetophenone 159 (347 mg, 86%); oH 4.57 (2H, s, 
Cl-I2), 7.46-7.54 (2H, m, 2 x  Ar-H), 7.64 (1H, m, Ar-H) and 7.88-7.94 (2H, m, 2 x  Ar-
H), as for lit.; 97  8c  54.73 (CH2), 127.77 (2 x  CH), 128.84 (2 X  CH), 133.99, 134.21 
(quat) and 193.08; m/z 161 (M, 0.5%), 105 (100) 5 77 (86) and 51(63). 
FVP of 2'-azidoacetophenone 159: 
0 (in 101 mg, 0.63 mmol; Tf 850 °C; T1 55 °C; p 3 •4 x 10 2  Torr; t 25 
mm) yielded 45 mg of product, which by 'H NMR spectroscopy 
consisted of benzaldehyde 160 (60%). 
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2 '-Azido-4-methylacetophenone 162: 
0 	To a solution of 2'-bromo-4-methylacetophenone 163 (1.07 
N 3 g, 5 mmol) in DMSO (25 cm) was added sodium azide (1 
I g, 10.5 mmol) and stirred vigorously at room temperature 
162 for 7 mm. Water (25 cm 
3)  was added, extracted with DCM 
(3 x  100 CM),  the organic extracts washed repeatedly with water to remove DMSO, 
dried (MgSO4) and the solvent removed by rotary evaporation to give 2'-azido-4-
methylacetophenone 162 (789 mg, 90%); mp 59-61 °C (lit., 95 58-60 °C); 0H  2.43 (3H, 
s, CH3), 4.53 (2H, s, CH 2), 7.29 (214, d, J8.5, 2 x  Ar-H) and 7.80 (2H, d, 2 x  Ar-H); 
Oc 27.16 (CH3), 55.16 (CH2), 128.42 (2 x  CH), 130.05 (2 x  CH), 132.30 (quat), 
145.59 (quat) and 193.21 (quat); m/z 147 (2%), 120 (20), 119 (100), 91 (78) and 65 
(35). 
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FVP of 2'-azido-4-methylacetophenone 162: 
O FVP of 2'-azido-4-methylacetophenone 162 (m 91 mg, 0.62 mmol; 
Tf 850 °C; Tj 45 °C; P2.6 x 10 2  Torr; t 8 mm) yielded mainly p- 
I 	tolualdehyde 165 [H  2.45 (3H, s, methyl), 7.34 (2H, d, J 8.0, 2 x 
165 	Ar-H), 7.79 (2H, d, 2 x  Ar-H) and 9.97 (IH, s, aldehyde-H)], along 
with traces of 4-methyl-a-hydroxyacetonitrile 166; oH 2.38 
OH 
(3H, s, CH3), 5.48 (2H, s, CH3), 7.24 (2H, d, J8.1, 2 x  Ar- 
I 	
H) and 7.41 (2H, d, 2 x  Ar-H); Oc  20.19 (CH3), 62.39 (CH2), 
14- 	 118.02 (quat), 125.64 (2 x  CH), 128.77 (2 x  CH), 131.48 
166 (quat) and 138.87 (quat); m/z 147 (M, 79%), 132 (100), 
130 (40), 120 (34), 119 (57) and 91(79). 
p-Tolualdehyde 165: 
FVP of 4-methyl-a-hydroxylacetonitrile 166 (m 31 mg, 0.21 
mmol; Tf 850 °C; Tj 120 °C; Pi 1.8 x 10 2  Torr; t 5 mm) yielded p- 
I tolualdehyde 165 (15 mg, 40%). Spectra as previously reported. 
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3. 4. 	Experimental Data 	Related 	to 	Studies 	on 	1,2- 
Dihydropyrrolo [2,3-b] pyridin-3-one 
3-Acetyl py ridine- 1 -oxide 169: 
0 	A solution of 3-acetylpyridine 168 (20 g, 0.165 mol) in glacial 
acetic acid was treated with aqueous hydrogen peroxide (30%, 20 
+ 	cm3) and heated at 80 °C for 3 h. A further portion of hydrogen 
	
169 	peroxide (30%, 20 cm 
3)  was added, and the reaction mixture 
0 	heated at 80 °C for a further 23 h. 
The solution was cooled to room temperature, and concentrated to ca. 20 cm3 . Water 
(20 cm 3)  was added, and the solution again concentrated by rotary evaporation. The 
solution was then taken up in DCM, and shaken with solid potassium carbonate (5 g). 
The potassium carbonate was then filtered off, the filtrate extracted with DCM (3 x  50 
cm 3),  the organic extracts dried (MgSO4) and the solvent removed by rotary 
evaporation. The product was then recrystallised from ethyl acetate, to yield pure 3-
acetylpyridine-1-oxide 169 (11.1 g, 50%); mp 146-147°C (from ethyl acetate) (lit., 98 
145-147 °C); 8H  (200 MHz) 2.68 (3H, s, CH3), 7.48 [IH, m, H(S)], 7.71 [IH, m, 
H(4)], 8.42 [1H, m, H(6)] and 8.79 [1 H, m, H(2)]. 
3-Acetyl-2-chloropyridine 170: 
(Method 1) A mixture of 3-acetylpyridine-1-oxide 169 (1 g, 7.3 
mmol) and phosphorus oxychloride (20 g, 0.13 mol) was heated 
under reflux for at 100 °C for 1 h under a nitrogen atmosphere. The 
solution was then cooled to room temperature, and the excess 
N 	Cl 
170 	phosphorus oxychioride removed by Kugelrohr distillation. Ice was 
added, and the solution allowed to stand for 4 h. Ether (50 cm 3)  was then added and 
the aqueous layer removed. The organic layer was washed with water, dried with 
magnesium sulfate, and the solvent removed by rotary evaporation to leave a 3-acetyl-
2-chloropyridine 170 as a thick brown oily compound (0.74 g, 66%); SM  (200 MHz). 
2.63 (3H, s, CH3), 7.30 [1H, dd, .154 7.6 and .15 ,6 4.7, H(S)], 7.85[(1H, dd, J5,6  4.7 and 
J4,6  1.9, H(4)] and 8.43 [IH, dd, J654.7J64  1.9 H(6)]. 
(Method 2) A solution of 2-chloronicotinonitrile 173 (1.03 g, 7.46 mmol) in dry T.HF 
(10 cm) was added slowly to a solution of methyl magnesium chloride in THF (1.33 
M, 24 cm 3 , 24 mmol) under nitrogen, keeping the temperature below 10 °C. This was 
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stirred at room temperature for 30 mm, and then heated under reflux for 1 h. The 
solution was cooled to room temperature and sulfuric acid (6.66%, 24 cm 3)  was 
added dropwise. The mixture was stirred for 30 mm, extracted with ether, the organic 
extracts washed with brine, dried (MgSO4) and the solvent removed by rotary 
evaporation to give 3-acetyl-2-chloropyridine 170 (750 mg, 65%); NMR data as 
quoted above. 
4-Acetyltetrazotol1,5-a] pyridine 167: 
	
0 	3-Acetyl-2-chloropyridine 170 (3.30 g, 21.2 mmol) and sodium 
azide (3.61 g, 55.6 mmol) were dissolved in aqueous ethanol (10%, 
I 	50 cm3) along with hydrochloric acid (10%, 5 CM)  , and heated for 
" N 	24 h at 95 °C. The solvent was removed by rotary evaporation, and 
NN 	water (10 cm3) was added. The precipitate was then collected, and 
167 washed with water to give 4-acetyltetrazolo[1, 5-aJpyridine 167 
(3.09 g, 90%); mp 96-98 °C (from ethanol); (Found: M, 162.0547. C 7H6N40 
requires M162.0541); Vmax 3422, 1685 (C=O), 1617, 1552, 1276, 1217, 1096, 771 and 
721 cm'; 8H  3.15 (3H, s, CH3), 7.45 [1H, t, J65 = J6,7 7.0, H(6)], 8.32 [in, dd, J5,67.0 
and J5 ,7 1.2, H(S)] and 9.11 [IH, dd, J7,6  7.0 and J7, 5 1.2, H(7)]; 6C 31.6 (CR3), 116.8, 
125.9 (quat), 129.4, 134.5, 147.9 (quat) and 193.93 (quat); m/z 162 (M, 21%), 134 
(100), 125 (21), 91(37) and 64(61). 
FYP of 4-acetyltetrazolol1,5-ajpyridine 167: 
FVP of 4-acetyltetrazolo[1,5-a]pyridine 167 (m 211 mg, 1.30 
mmol; Tf 400 °C; T 1 45 °C; P 2 x 10 2  Torr; t 15 mm) yielded 3- 
):Z I ,0 methy1isoxazolo[3,4-b]pyridine 174 (140 mg, 80%); mp 72-74 °C; 
N 174 	
(Found: M, 134.0480. C 7H6N20 requires M 134.0480); v ma., 1641, 
1512, 1261, 1091, 1020, 802, 722 cm; oH 2.82 (3H, s, CH3), 6.93 
[1 H, dd, .154 9.0 and .15 ,6 3.9 , H(S)], 7.88 [1 H, dd, J4,5 9.0 and J4,6  1.6 , H(4)] and 8.73 
[IH, dd, J6,4  1.6 and J6,5  3.9, H(6)]; S 13.12 (CR3), 109.14 (quat), 119.39, 130.18, 
158.55, 165.75 (quat) and 168.31 (quat); m/z 134 (Mt, 68%), 92 (32), 64 (44) 51 
(46), and 43 (100). 
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a FVP of 4-acetyltetrazolo[1,5-a]pyridine 167 (m 209 mg, 1.29 
mmol; Tf 680 °C; T, 45 °C; P2 x 10 2  Torr; t 15 mm) yielded 1,2-
dihydropyrrolo[2,3-bJpyridin-3-one 75 as a buff coloured sticky 
N 	NH 	solid (100 mg, 57 %); (Found: M, 134.0481. C 7H6N20 requires M 75 
134.0480); oH (CDCI3 —keto tautomer); 3.90 (2H, s, CH 2), 5.66 (1 H, 
s, NH), 6.72 [1H, dd, J 54 7.3 and J 5,6 5. 1, H(S)], 7.83 [1H, dd, J4 ,5 7.3 and J4,6 1.5, 
H(4)] and 8.32 [JH, dd, J64 1.5 and J6,5 5.1, H(6)]; (' 3C spectrum in CDCI 3 
unavailable due to compound's instability in this solvent); 
oH ([2H61-DMSO - enol tautomer, 360 MHz); 6.62 [1H, s, H(2)], 
OH 6.80 [1H, dd, J5,6 4.7 and J5 ,4 7.9, H(S)], 7.76 [IH, dd, J6, 5  4.7 and 
(7" 1 	J6,4 1.6, H(6)], 7.97 [1 H, dd, J4 ,6 1.6 and J4,5  7.9, H(4)], 8.57 (1H, S, OH) and 10.60 (IH, s, NH); 0c  ([2H6]-DMSO, 90 MHz) 107.49 
75b [C(2)], 114.30 [quat, C(3a)], 116.56 [C(5)], 126.09 [C(4)], 132.16 
[quat, C(3)], 142.82 [C(6)] and 146.43 [quat, C(7a)]; ,n/z 134 (Mt, 100), 119 (78), 106 
(53), 94 (47), 92 (45), 79 (88), 67 (44), 52 (71) and 39 (46). 
Temperature profile of pyrolysis of 4-Acetyltetrazolo[1,5-a]pyridine 167: 
The pyrolyses were carried out (typically m 30 mg, 0.18 mmol; T 1 45 °C; P 1.9 x 102 
Torr, t 5 mm) at the temperatures described in the following table, with the following 
peaks in the 'H NMR spectrum of the product mixture used to calculate the product 
ratio: 4-acetyltetrazolo[1,5-a]pyridine 167 {3.15 (3H, s, CH3) and 9.11 [IH, dd, J7, 6 
7.0 and J7,5 1.2, H(7)]}, 3-methylisoxazolo[3,4-b]pyridine 174 {2.82 (3H, s, CH 3) and 
8.73 [IH, dd, J64 1.6 and J6,5  3.9, H(6)]} and 1,2-dihydropyrrolo[2,3-b]pyridin-3-one 
75 13.90 (2H, s, CH2) and 6.72 [1H, dd, J 5 ,4 7.3 and J5,6 5. 1, H(5)] 1. 
Temperature/°C 200 250 300 350 400 500 600 650 680 
4-Acetyltetrazolo[1,5- 100 96 25 3 0 0 0 0 0 
a]pyridine 167 / % 
3-Methylisoxazolo[3,4- 0 4 75 97 100 93 55 5 0 
b]pyridine 174 / % 
1,2-Dihydropyrrolo[2,3- 0 0 0 0 0 7 45 95 100 
b]pyridin-3-one 75 / % 
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1 ,2-Dihydropyrrolo[2,3-b] pyridin-3-one 75: 
FVP of 3-methylisoxazolo[3,4-b]pyridine 174 (m 20 mg, 0.15 mmol; Tf 680 °C; T 1 50 
°C; P2 x 10 2  Tor;, t 5 mm) yielded 1,2-dihydropyrrolo [2,3 -b] pyrid i n-3 -one 75 (9 mg, 
45%). Spectral data as previously reported. 
(E)-1H, 1 'H- [2,2' ]Bi Ipyrrolo[2,3-b] pyridinylidene]-3,3 'dione 71: 
I ,2-Dihydropyrrolo[2,3-b]pyridin-3-one 75 (46 
N 	mg, 0.34 mmol) was dissolved in a mixture of 
I 	- 	I phosphate buffer (pH 7, 5.5 cm3) and methanol (1 
N N 	 cm3), and heated to 50 °C under a nitrogen 
710 atmosphere. A solution of potassium ferricyanide 
(113 mg, 0.42 mmol) in water (1 cm 3) was added dropwise over .10 mm, and the 
mixture stirred for a further 30 mm, keeping the temperature at 50 °C. The sample 
was cooled, stored overnight in a freezer, and the resulting precipitate collected and 
washed with water to give a purple solid identified as (E)-1H,I'H-[2,2']bi[pyrrolo[2,3-
b]pyridinylidene]-3,3'-dione 71 (24 mg, 53 %); (Found: M 264.0647. C 14H8N402 
requires M 264.0647); Xmax (DMSO) 567 nm [lit., 
58  (ethanol) 556 nm]; m/z 265 
(45%), 264 (Mt, 100), 236 (30), 208 (30), 104 (39), 78 (56) and 77 (49). No NMR 
data was available due to the compound's insolubility. 
3-Acetoxy-1-acetyl-1H-pyrrolo[2,3-b] pyridine 178: 
1,2-Dihydropyrrolo[2,3-b]pyridin-3-one 75 (36 mg, 0.27 
// 	mmol) was placed in acetic anhydride (2 cm 3) and heated with 
0—
\ " a hot air blower for 10 mm. The solvent was then evaporated 
off under reduced pressure to yield 3-acetoxy-1-acety1-JH- 
N 	N 	pyrro1o[2,3-bJpyridine 178 (52 mg, 88%); (Found: M 
	
178 
218.0691. C 11 H10N203 requires 218.0691); 8H  2.37 (3H, s, 
0 	acetyl), 3.04 (3H, s, acetyl), 7.22 (1H, dd, J54 7.9 and .15 ,6 4.7, 
H(S)], 7.82 [11-1, dd, J4,5  7.9 and .14,6  1.6, H(4)], 8.0.6 [1 H, s, (2)] and 8.39 [1H, dd, J6 , 
1.6 and J6,5 4.7, H(6)]; 8c 21.19 (CH3), 26.53 (CH3), 114.27, 117.64 (quat), 119.09, 
127.23, 132.63 (quat), 145.20, 147.88 (quat), 168.20 (quat) and 169.03 (quat); nilz 
218 (Mt, 4%), 176 (19), 134 (100), 133 (31), 79 (21) and 78 (30). 
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3-Acetoxy-1H-pyrrolol2,3-b] pyridine 181: 
0 	1,2-D ihydropyrrolo [2,3 -b] pyridin-3 -one 75 (32 mg, 0.24 
	
o 	mmol) was placed in a 10 cm  round bottomed flask, and 
3 acetic anhydride (0.5 cm 3) added. The contents were swirled, I . 	 and immediately evacuated to 2.8 x 10 2  Torr. After removal N 
181 H 	of solvent, 'H NMR analysis of the product mixture showed a 
1:2 ratio of 3-acetoxy-1-acetyl-1H-pyrrolo[2,3-b]pyridine 178 (spectral data as 
reported previously) and 3-acetoxy-]H-pyrrolo[2,3-bJpyridine 181; 8H 2.36 (3H, s, 
acetyl), 7.09 [1H, dd, J5 4 7.9 and .15,6 4.8, H(S)], 7.44 [IH, s, H(2)], 7.90 [1 H, dd, J4,5 
7.9 and J4,6 1.4, H(4)] and 8.26 [1H, dd, J64 1.4 and J6,5  4.8, H(6)]; 8c 19.98 (CH 3), 
112.26 (quat), 113.38, 114.76, 126.01, 127.36 (quat), 141.74, 143.82 and 175.45 
(quat). 




To I ,2-dihydropyrrolo[2, 3 -b]pyridin-3 -one 75 (122 
mg, 0.91 mmol) suspended in acetonitrile (7 cm 3)  was 
added MOMMA 120 (142 mg, 0.76 mmol) and the 
mixture was stirred at room temperature for 20 h. The 
resulting solution was filtered through celite, the 
solvent concentrated to 0.5 cm  and the precipitate 
collected to yield 2, 2-dimethyl-5-(3-oxo-2, 3- 
dihydropyrrolo[2, 3-b]pyridin-1-ylmethylene)-[1, 3]dioxane-4, 6-dione 182 (30 mg, 
14%); (Found: M 288.0746, C 14H,2N205 requires M288.0746); 6H 1.99 (6H, s, 2 
CH3), 4.87 (2H, s, CH2), 7.37 [1H, dd, .15,4 6.6 and J5, 6 4.9, H(5)], 8.13 [IN, dd, .145 
6.6 and J4,6 1.8, H(4)], 8.71 [IH, dd, J6,4 1.8 and J6,5  4.9, H(6)] and 9.79 (1H, s, 
alkene); 6c 26.95 (2 x  CH3), 59.10 (CH2), 92.19 (quat), 103.94 (quat), 117.10 (quat), 
122.04, 133.70, 146.00, 156.34, 160.03 (quat), 163.17 (quat), 163.32 (quat) and 
191.62 (quat); m/z 288 (M, 0.4%), 230 (55), 186 (23), 158 (33), 152 (21) and 119 
(100). 
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6-Hydroxypyridol3,2-bl pyrrolizin-5-one 183: 
0 	FVP of 2,2-dimethyl-5-(3-oxo-2,3-dihydro-pyrrOlO[2,3- 
OH b]pyridin-1-ylmethylene)-[1,3]dioxafle-4,6-diOne 182 (m 
29 mg, 0.10 mmol; Tf 650 °C; T 1 160 °C; P 2.3 x 10 2  Torr, 
*N~ 
 t 10 mm) yielded 6-hydroxypyrido[3,2-b]pyrrolizin-5-one 
183 (5 mg, 27%); (Found: M 186.0429. C 10H6N202 requires M 186.0429); 5 H  ([2H6]-
DMSO) 5.94 [IH, d, J2, 3 3.0, H(2)], 7.17 [IH, dd, J6,5 7.4 and J6,7  5.1, H(6)], 7.50 
[1 H, d, J32 3.0, H(3)], 7.91 [IH, dd, J56 7.4 and J5,7 1.6, H(5)] and 8.36 [1H, dd, J7 
1.6 and J7 ,6 5. 1, H(7)]; 5C ([ 2H6]-DMSO) 106.92, 116.35 (quat), 120.04, 121.71, 
123.64 (quat), 132.10, 151.28, 151.48 (quat), 154.19 (quat) and 172.75 (quat); m/z 
187(12%), 186 (M, 100), 160 (12), 104 (17), 103 (11) and 77(12). 
2- [2-Oxo-1 ,2-dihydro-mndol-(3Z)-ylidenel-1 ,2-dihydropyrrolo[2,3-b] pyridin-3-one 
186: 
To a solution of isatin 4 (87 mg, 0.58 mmol) in 
o 	/ \ methanol (10 cm) was added solid 1,2- 
- 	C
dihydropyrrolo[2,3-b]pyridin-3-One 75 (81 mg, 0.60 
N 	N 	
NH mmol) followed by NN-diisopropylethylamine (ca. i 
1860 	0.066 cm3) and stirred at room temperature for 30 mm. 
The resulting precipitate was collected and washed with methanol to yield 2-[2-oxo-
1, 2-dihydro-indol-(3Z)-ylidene]-1, 2-dihydropyrrolo[2, 3-bJpyridin-3-one 186 (27 mg, 
17%); mp> 330 °C; (Found: M 263.0696, C 15H9N302 requires M 263.0695); 2max 
(Methanol) 505 nrn (c 7900 mol' cm'); oH ([2H6]-DMSO) 6.93 (IH, m, Ar-H), 7.05 
(IH, m, Ar-H), 7.12 [1H, dd, J5,4 7.5 and J5, 6 5.1, H(5)], 7.30 (IH, m, Ar-H), 8.11 
[IH, dd, J4, 5 7.5 and J4, 6  1.7, H(4)], 8.50 (1H, dd, J6 4  1.7 and J6, 5 .  5. 1, H(6)}, 8.68 
(I R, m, Ar-H), 10.79 (1H, br s, NH) and 11.04 (1 H, br s, NH); Oc  ([2H6]—DMSO) 
108.59 (quat), 110.32, 113.23 (quat), 118.17, 121.28 (quat), 121.98, 125.22, 130.55, 
133.98, 137.94 (quat), 141.72 (quat), 156.06, 163.29 (quat), 171.40 (quat) and 186.45 
(quat); m/z 264 (77%), 263 (Mt, 100), 236 (20), 235 (57), 207 (15) and 78 (50). 
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1H-Pyrrolo[2,3-bJ pyridine-2,3-dione-2-oxime 189: 
0 	To a suspension of 1,2-d ihydropyrrolo [2,3 -b] pyrid in-3 -one 
75 (140 mg, 1.04 mmol) in water (40 cm3) and acetic acid 
1-5 	
NOH (0.2 CM) was added sodium nitrite (135 mg, 1.73 mmol) 
N  
189 H 	 and the mixture was stirred at room temperature for 1 h. 
This was then filtered, the filtrate extracted with DCM (3 x  100 cm 3),  the organic 
extracts dried (MgSO4) and the solvent removed by rotary evaporation to yield crude 
JH-pyrrolo[2, 3-b]pyridine-2, 3-dione-2-oxime 189 (38 mg); (Found: M 167.9991, 
C6H4N202 requires M 167.9994); oH ([2H6]-DMSO) 7.00 [1 H, dd, J54 5.6 and J56 7.6, 
H(S)], 7.95 [IH, dd, J64 1.7 and J6 5  7.6, H(6)], 8.42 [1H, dd, J4 5  5.6 and J4, 6  1.7, 
H(4)], 10.97 (1H, br s) and 11.97 (1H, br s); Oc ([ 2H6]-DMSO) 109.31 (quat), 113.53 
(quat), 116.64, 132.80, 155.93, 163.08 (quat) and 179.29 (quat); m/z 163 (M, 83%), 
146(54), 134(58), 119(100), 118(49) and 9l (44). 
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3. 5. 	Experimental Data Related to Studies on 1,2-Dihydropyrrolol2,3- 
c] pyridin-3-one 
Isonicotinonitrile-1-oxide 193: 
N 	Isonicotinonitrile 194 (15.7 g, 0.15 mmol) was dissolved in acetic acid 
(120 cm3) and hydrogen peroxide (20 cm 3) and heated at 80 °C for 3 h. A 
further portion of hydrogen peroxide (20 cm 3)  was added and the solution 
O heated at 80 °C for a further 23 h. 
N' 	The solution was cooled and then concentrated to approximately 20 cm 3 , 
0 water (20 cm 3) was added and concentrated again to approximately 20 
193 	cm 3 . The residue was taken up in DCM, and portions of potassium 
carbonate added until effervescence ceased. This was then filtered, extracted with 
DCM (3 x  50 CM),  the organic extracts dried (MgSO4) and the solvent removed to 
yield i son icotinonitri le- 1-oxide 193 (10.76 g, 59%); mp 226-228 °C (from acetone) 
(lit.,' 85 229-230 °C); 8H  (200 MHz) 7.55 (2H, d, J7.3) and 8.23 (2H, d, J7.3). 
3-Chloroisonicotinonitrile 195: 
N 	isonicotinonitrile-1-oxide 193 (10.6 g, 82 mmol), phosphoryl chloride 
I I (34 cm3 , 360 mmol) and phosphorus pentachloride (25.1 cm', 121 
CI mmol) were mixed together and heated at 125 °C for 2 h. After 
cooling, this was poured carefully onto ice, neutralised with sodium 
N 195 bicarbonate, extracted with ether (3 x  50 cm 
3),  the organic extracts 
dried (MgSO4) and the solvent removed by rotary evaporation. The residue was 
triturated with light petroleum to remove traces of 2-chloroisonicotinonitrile 196, to 
yield 3-chloroisonicotinonitrile 195 (7.7 g, 62%); mp 70-71 °C [from light petroleum 
(60-80)] [1it.,' 08 71-72 °C (from pet ether)]; oH (200 MHz) 7.56 [1 H, d, J56 5.0, H(S)], 
8.65 [IH, d, J6,5 5.0, H(6)] and 8.79 [1H, s, H(2)1; 0c  112.95 (quat), 120.08 (quat), 
125.65, 132.28 (quat), 147.39 and 149.58; m/z 140 (M, 32%), 138 (M, 100%), 103 
(44), 76 (28) and 75 (14). 
Attempted Grignard reaction of 3-chloroisonicotinonitrile 195 with 
methylmagnesium chloride: 
A solution of 3-chloroisonicotinonitrile 195 (1 g, 7.2 mmol) in dry TI-IF (15 cm) was 
added dropwise to a THF solution of methylmagnesium chloride (8 cm 3, 3.0 M) 
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keeping the temperature below 10 °C, under a nitrogen atmosphere. The mixture was 
stirred at room temperature for 30 mm, then heated under reflux for 1 h. Sulfuric acid 
(24 cm3, 6.66%) was added dropwise with cooling, stirred for 30 mm, made basic 
with sodium hydroxide solution (1 M), extracted with ether, the organic extracts dried 
(MgSO4) and the solvent removed. Although 'H NMR spectroscopic analysis showed 
the presence of the desired 4-acetyl-3-chloropyridine 191, also present was starting 
material and other unwanted side products. Dry flash column chromatography failed 
to purify the product mixture. 
The reaction conditions were altered by dissolving of 3-chloroisonicotinonitrile 195 in 
ether (22 cm 3) rather than TI-IF and after addition stirring for 1 h with no reflux before 
working up, which gave a similar reaction product. 
Addition of the nitrile in ether to a ether solution of methylmagnesium chloride, 
followed by 2.5 h of stirring similarly failed to give 4-acetyl-3-chloropyridine 191 in 
any acceptable degree of purity. 
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3. 6. 	Experimental Data Related to Studies on 1,2-Dihydropyrrolol2,3- 
b] quinolin-3-one 
1-(2-Chloroquinolin-3-yI)-ethanol 199: 
A solution of 2-chloroquinoline-3-carboxaldehyde 200 (500 
OH 
mg, 2.6 mmol) in anhydrous THF (10 cm 3)  was added 
I
dropwise at room temperature under a nitrogen atmosphere 
N 	
to a solution of methyl magnesium chloride (7.8 mmol) in 
199 anhydrous THF (5.5 cm 3), and the mixture was stirred for 
30 mm. The reaction was quenched with an aqueous solution of ammonium chloride 
(10%, 10 cm 3), extracted with ethyl acetate (2 x 20 cm  portions), the organic extracts 
dried (MgSO4) and the solvent removed by rotary evaporation to yield ]-(2- 
chloroquinolin-3-yi)-ethanol  199 (444 mg, 82%); mp 74-75 °C (lit.,' 09 72-73 °C); 5H 
1.59 (3H, d, J6.4, CH3), 2.84 (1 H, br, OH), 5.27 (1 H, q, J6.5, CH), 7.55 (1 H, ddd, J 
1.2, 7.0 and 8.1, Ar-H), 7.69 (111, ddd, J 1.5, 7.0 and 8.1, Ar-H), 7.79 (1H, dd, J 1.5 
and 8.1, Ar-H), 7.98 (IH, m, J 1.5 and 8.4, Ar-H) and 8.36 [1H, s, H(4)]; 8 c 23.76 
(CH3), 66.53, 126.98, 127.34 (quat), 127.50, 127.88, 130.09, 134.93, 137.83 (quat), 
146.64 (quat) and 148.55 (quat); m/z 207 (Mt, 69%), 194 (65), 192 (100), 156 (95) 
128 (94) and 101 (60). 
3-Acetyl-2-chloroquinoline 201: 
o 	To a solution of 1-(2-chloroquinolin-3-yl)-ethanol 199 (2.21 
g, 10.7 mmol) in DCM (35 cm 3)  was added PCC (4.74 g, 
I 21.6 mmol) and the mixture was stirred for 16 h at room 
N 	Cl 	temperature. Water (70 cm 3) was added, and this was 
201 extracted with ether (3 x 150 cm  portions), the organic 
extracts dried (MgSO4) and the solvent removed by rotary evaporation. The resulting 
solid was passed through a thin band of silica using a solution of chloroform (10%) in 
ethyl acetate as eluent, and the  solvent removed by rotary evaporation to yield 3-
acetyl-2-chloroquinoline 201 (1.61 g, 73%); mp 65-67 °C (lit.,' 09 75-76 °C); 5H  2.77 
(31-1, s, acetyl), 7.63 (1H, m, Ar-H), 7.79 - 7.92 (2H, m, 2 x  Ar-H), 8.05 (1H, m, Ar-
H) and 8.39 [1H, s, H(4)]; 5c  30.47 (CH3), 126.04 (quat), 127.77, 128.29, 128.34, 
132.22, 132.94 (quat), 139.25, 145.87 (quat), 147.98 (quat) and 195.51 (quat); nilz 
207 (M, 21%), 205 (57), 192 (49), 190 (100), 164 (21), 162 (5 8) and 101 (22). 
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4-Acetyltëtrazolo[1,5-a] quinoline 197: 
	
0 	3-Acetyl-2-chloroquinoline 201 (1.6 g, 7.79 mmol) and 
sodium azide (1.23 g, 19.1 mmol) were placed in aq. 
ethanol (10%, 110 cm 3 ) and hydrochloric acid (10%, 5.5 
N " N 	cm3) and heated at 95 °C for 3 h. The solvent was then 
197 NN removed by rotary evaporation, water (Ca.. 35 cm3) added 
and the resulting precipitate collected and washed with water to yield 4-  
ace tyltetrazolo[1,5-a]quinoline 197 (1.53 g, 91%); mp 186-188 °C (from 
acetonitrile); (Found: M 212.0698. C 11 H8N40 requires M212.0698); 8 H  3.12 (31-1, s, 
acetyl), 7.79 (1H, ddd, J0.9, 7.2 and 8. 1, Ar-H), 8.01 (1H, ddd, 0.6, 7.1 and 7.8, Ar-
H), 8.14 (1 H, dd, 0.9 and 7.8, Ar-H), 8.67 [IH, s, H(4)] and 8.72 (11-1, dd, 0.6 and 8. 1, 
Ar-H); öc 30.95 (CH 3), 116.88, 122.49 (quat), 122.69 (quat), 128.50, 130.94, 131.79 
(quat), 133.46, 135.97, 146.17 (quat) and 193.72 (quat); vmax  1693 (acetyl), 1618, 
1599, 1561, 1465, 1409 and 1091 cm -1 ; m/z 212 (Mt, 21%), 184 (100), 142(62), 129 
(45), 115 (65) and 114 (50). 
FVP of 4-acetyltetrazolo 11,5-al quinoline 197: 
FVP of 4-acetyltetrazolo[1,5-a]quinoline 197 (m 161 mg, 0.76 
"N 
mmol; Tf 750 °C; T 1 90 °C; P 3.8 x 02 Torr; t 22 mm) yielded 
a mixture that was purified by dry flash chromatography (50% 
205 N 
ethyl acetate in hexane) to yield 2-(cyanophenyl)-acetonitrile 
205 as the main product (41 mg, 46%); oH 4.02 (2H, s, CH2), 7.51 (1H, m, Ar-H) and 
7.68-7.84 (3H, m, 3 x Ar-H) as for lit.;' 8c  22.46 (CH2), 112.06 (quat), 115.82 
(quat), 116.36 (quat), 127.51 (quat), 128.66, 126.86, 133.08 and 133.57; m/z 142 (M, 
100%), 141 (54), 115(85), 114 (43), 88 (29) and 71(34). 
0 
N 	N H 
198  
The FVP of 4-acetyltetrazolo[1,5-
a]quinoline 197 also yielded small 
amounts of products which were 
identified as 1,2- 
dihydropyrrolo[2, 3-b] quinolin-3- 
10 
213 
one 198 and 3-methyl-2-oxa-1,9-diaza-cyclopenta[b]naphthalene 213 on the basis of 
'H NMR spectral data, although these products were never isolated (see discussion 
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section for full detail). 1,2-Dihydropyrrolo[2,3-b]quinolin-3-one 198; 8H 4.04 (2H, s, 
CH2). 3 -Methyl-2-oxa- 1 ,9-d iaza-cyclopenta[b]naphthalene 213; 8H  3.04 (3H, s, CH3). 
FVP of 4-acetyltetrazolo[1,5-a]quinoline 197 (m 330 mg, 
1.56 mmol; Tf 400 °C; T 1 95 °C; P 2.4 x 10-2 Torr; t 25 mm) 
yielded a crude mixture which was purified by dry flash 
N N H 2 chromatography (25% ethyl acetate in hexane) to yield 3- 
216 acetyl-2-aminoquinoline 216 (33 mg, 11%); mp 155-157 
°C; (Found: M 186.0797, C,,H 10N20 requires M 186.0793); 2.71 (3H, s, acetyl), 
7.24 (IH, m, Ar-H), 7.56-7.68 (3H, m, Ar-H) and 8.52 [IH, s, H(4)]; öc 27.36 (CH 3 ), 
116.67 (quat), 121.96 (quat), 122.66, 125.26, 129.00, 132.97, 143.14, 150.00 (quat), 
156.07 (quat) and 199.28 (quat); ,n/z 186 (M, 100%), 171 (47), 144 (69), 143 (60), 
116(81) and 89(47). 
Temperature profile of FYP of 4-acetyltetrazolo[1,5-ajquinoline 197: 
Pyrolyses of 4-acetyltetrazolo[1,5-a]quinoline 197 were carried out (typically m 20 
mg, 0.09 mmol; T 1 85 °C; P 2.6 x 10 2  Torr; t 8 mm) at the following temperatures, 
with the following peaks in the 'H NMR spectra of the product mixtures used to 
calculate the ratio of products formed: 4-acetyltetrazolo[1,5-a]quinoline 197 (3.12 
[3H, s, CH3]), 2-(cyanophenyl)-acetonitrile 205 (4.01 [2H, s, CH 2]), 3-methyl-2-oxa-
1,9-diaza-cyclopenta[b]naphthalene 213 (3.04 [3H, s, CH 3]) and 	1,2- 
dihydropyrrolo[2,3-b]quinolin-3-one 198 (4.04 [2H, s, CH 2]). 
Temperature /°C 300 350 400 450 500 600 700 750 
4-Acetyltetrazolo[1,5-a]quinoline 100 97 32 1 0 0 0 0 
197/% 
2-(Cyanophenyl)-acetonitrile 205 / 0 0 8 53 87 93 94 96 
% 
3-Methyl-2-oxa-1,9-diaza- 0 3 50 1 0 0 0 0 
cyclopenta[b]naphthalene 213 / % 
1,2-Dihydropyrrolo[2,3- 0 0 6 45 13 7 6 4 
b]quinolin-3-one 198 / % 
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Effect of inlet temperature on FVP of 4-acetyltetrazolo1,5-a]quinoIine 197: 
Pyrolyses of 4-acetyltetrazolo[1,5-a]quinoline 197 were carried out (m 30 mg, 0.14 
mmol; Tf 450 °C; P2.4 x 10 2  Torr) with the inlet temperature varied as stated in the 
following table. As the increase in pressure is directly related to the amount of 
nitrogen being released during the pyrolysis of 4-acetyltetrazolo{1,5-a]quinoline 197, 
this shows the flow rate. The ratio of 2-(cyanophenyl)-acetonitrile 205 and 3-acetyl-2-
arninoquinoline 216 formed was then measured by 'H NMR spectroscopy, along with 
the time of pyrolysis and increase in pressure noted. 
T/°C 65 75 90 115 
t/min 180 35 10 5 
AP/x 10 2 Torr 1 2.9 7.7 25.7 
Ratio 2-(cyanophenyl)-acetonitrile 205 to 
3-acetyl-2-aminoquinoline 216 
1: 0.27 1: 0.40 1: 0.71 1: 1.25 
(E)-1H,1 'H2,2']Bi[pyrrolo[2,3b]quinolinylidene]-3,3'-diOfle 212: 
An NMR sample containing ca 20 
mg of product of a FVP of 4-
acetyltetrazolo[ 1, 5-a]quinol me 197 
(m 65 mg, 0.31 mmol; Tf 450 °C; T 
212 
	 85 °C; P 2.8 x 10 2  Torr; t 15 mm) 
was dissolved in CDC13 and left at 
room temperature for three days, and the resulting precipitate collected. Analysis by 
mass spectrometry showed the presence of (E)-JH, 1 'H-[2, 2 'JBi[pyrrolo[2, 3- 
b]quinolinylidene]-3,3'-dione 212; (Found: M 364.0963, C 22H 14N402 requires M 
364.0963); m1z364 (Mt, 31%), 144 (54), 143 (98), 129 (51), 115 (55) and 81(100). 
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5-[(3-Acetyl-quinolin-2-ylamino)-methylene]-2,2-dimethyl- [ 1,3]dioxane-4,6-dione 
217: 
o 	To a solution of 3-acetyl-2-aminoquinoline 216 
(crude, 30 mg, 0.16 mmol) in acetonitrile (5 cm 3 ) 
I 	 was added a solution of MOMMA 120 (30 mg, 
	
- - 	 3 
N NH 0 	0.16 mmol) dissolved in acetonitrile (1 cm ) and 
217 	 the mixture was stirred at room temperature for 
30 mm. The resulting solution was concentrated 
o 0 to 2 cm  and the resulting precipitate collected 
and washed with acetonitrile to yield 5-[(3-acetyl-quinolin-2-ylamino)-methyleneJ-
2,2-dimethyl-[1,3]dioxane-4,6-dione 217 (18 mg, 33%); (Found: M 340.1063, 
C 18H 1 6N205 requires 340.1059); 8H  1.78 (6H, s, 2 x  CH3), 2.85 (3H, s, acetyl), 7.59 
(I H, m, Ar-H), 7.84 (3H, m, 3 x  Ar-H), 8.50 [1H, s, H(4)] 9.83 (1 H, d, J 13.3, alkene) 
and 13.65 (IH, br-d, J 13.3, NH); öc 27.15 (2 x  CH3), 27.55 (CH3), 91.15 (quat), 
104.75 (quat), 118.19 (quat), 125.00 (quat), 126.73, 128.07, 128.85, 133.83, 143.12, 
146.77 (quat), 148.14 (quat), 150.64, 163.75 (quat), 163.85 (quat) and 190.04 (quat); 
m/z 340 (Mt, 34%), 282 (78), 238 (58), 210 (100), 186 (26) and 168 (26). 
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3. 7. 	Experimental 	Data Related 	to 	Studies 	on 	1,2- 
Dihydropyrrolo3,2-c]quino1in-3-one 
4-Chloroquinoline-3-carboxaldehyde 227: 
Cl 	To a solution of o-aminoacetophenone 95 (7.70 g, 57 
mmol) in DMF (37 cm 3, 390 mmol) was added phosphoryl 
I chloride (22 cm 3, 220 mmol) over 30 min at 0 °C. 
N 	Theissolution was stirred for 30 min at room temperature 
227 and then heated under reflux for 4.5 h. The mixture was 
then cooled to room temperature, ice added and neutralised with solid sodium acetate. 
The resulting precipitate was collected, washed repeatedly with water and dried to 
yield 4-chloroquinoline-3-carboxaldehyde 227 (4.2 g, 40%); mp 138-140 °C (from 
ethyl acetate); 6H  7.75 (IH, m, Ar-H), 7.92 (IH, m, Ar-H), 8.17 (IH, m, Ar-H), 8.39 
(IH, m, Ar-H), 9.26 [IH, s, H(2)] and 10.70 (IH, s, aldehyde) as for lit.; 118 öc 124.19 
(quat), 124.93, 125.49 (quat), 128.52, 130.02, 133.10, 148.02 (quat), 148.43, 150.65 
(quat) and 188.90 (quat); m/z 193 (Mt 81%), 192 (87), 191 (Mt, 98), 190 (100), 162 
(87), 128 (71), 101 (79) and 75 (77). 
1-(4-Chloroquinolin-3-yl)-ethanol 228: 
Cl 	OH 	A solution of 4-chloroquinoline-3-carboxaldehyde 227 (524 
mg, 2.74 mmol) dissolved in anhydrous THF (10 cm) was 
added dropwise at room temperature under a nitrogen 
N 	atmosphere to a solution of methyl magnesium chloride (9 
228 i 	 3 mmol) n anhydrous THF (5.5 cm), and stirred for 30 mm. 
This was quenched with dilute aqueous ammonium chloride solution (10%, 20 CM), 
extracted with ethyl acetate (3 x 20 cm  portions), the organic extracts dried (MgSO4) 
and the solvent removed by rotary evaporation to yield 1-(4-chloroquinolin-3-yl)-
ethanol 228 as an oil (438 mg, 77%); bp 155 °C (12 Torr); (Found: M 207.0450 and 
209.0420, C,,H, 0CINO requires M207.0451 and 209.0421); 8H  1.58 (3H, d, J 6.5, 
CH3), 5.52 (IH, q, J6.5, CH), 7.59 (1H, ddd, J 1.2, 8.1 and 9.3, Ar-H), 7.70 (IH, ddd, 
J 1.5, 7.8 and 9.3, Ar-H), 8.03 (114, dd, J 1.2 and 7.8, Ar-H), 8.15 (11-1, dd, J 1.5 and 
8. 1, Ar-H) and 9.05 [1 H, s, H(2)]; öc  23.60 (CH3), 65.93, 123.93, 125.61 (quat), 
127.61, 129.10, 129.79, 135.39 (quat), 138.71 (quat), 147.64 (quat) and 148.67; m/z 
207 (M, 58%), 194 (58), 192 (100), 164 (48), 128 (58) and 101 (52). 
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3-Acetyl-4-chloroquinoline 229: 
Cl 	0 	I-(4-Chloroquinolin-3-yl)-ethanol 228 (100 mg, 0.48 mmol) 
and manganese dioxide -(512 mg, 5.95 mmol) were placed in 
toluene (4 cm 3) and heated under reflux for 3 h. The mixture 
N 	was then cooled to room temperature, filtered through celite 
229 and the solvent removed by rotary evaporation to yield 3- 
acelyl-4-chloroquinoline 229 (62 mg, 62%); bp 175 °C (30 Torr); (Found: M 
205.0296 and 207.0262. C,,H 8CINO requires M207.0294 and 207.265); 8H  2.79 (3H, 
s, acetyl), 7.71 (1 H, m, Ar-H), 7.84 (1 H, m, Ar-H), 8.13 (1H, m, Ar-H), 8.35 (1 H, m, 
Ar-H) and 8.97 [IH, s, H(2)]; öc 31.23 (CH3), 124.94, 125.58 (quàt), 128.38 (quat), 
129.67, 130.87 (quat), 131.67, 140.56 (quat), 148.80, 149.24 (quat) and 198.67; m/z 
205 (M, 65%), 192 (54), 190 (100), 162 (70), 135 (27) and 127 (17). 
3-Acetylquinolin-4-one 230: 
To a suspension of 3-acetyl-4-chloroquinoline 229 (98 mg, 
0.48 mmol) in ethanol (6.5 cm3) and conc. hydrochloric acid 
(0.5 cm) was added sodium azide (311 mg, 4.78 mmol) in 
water (3 cm 3) and the mixture was heated at 95 °C for 24 h. 
The solvent was removed, water (10 cm 3) added, extracted 
230 	with ethyl acetate (3 x  20 cm 3), the organic extracts dried 
(MgSO4) and the solvent removed by rotary evaporation. Purification by dry flash 
chromatography (25% ethyl acetate in hexane) as eluent yielded 3-acetylquinolin-4-
one 230 (37 mg, 50%); mp 243-245 °C (from acetone) (lit.," 9 240-244 °C); oH ([2H6]-
DMSO) 2.62 (31-1, s, acetyl), 7.44 (IH, m, Ar-H), 7.63 (1H, m, Ar-H), 7.73 (H, m, Ar-
K), 8.23 (IH, m, Ar-H) and 8.52 [IH, s, H(2)]; Oc  ([21-16]-DMSO) 30.20 (CH3), 117.45 
(quat), 118.65, 124.68, 125.51, 127.60 (quat), 132.30, 138.81 (quat), 143.92, 175.04 
(quat) and 196.14 (quat); m/z 187 (Mt, 73%), 172 (100), 170 (25), 104 (19), 61 (20) 
and 42 (27). 
3-Acetyl-4-azidoquinoline 225: 
N 	0 	3-Acetyl-4-chloroquinoline 229 (1.05 g, 4.95 mmol) and 
sodium azide (1.06 g, 16.3 mmol) were dissolved in DMSO 
(50 cm3) and the solution was heated at 60 °C for 2.5 h. 
225 
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Water (50 cm) was added, and the resulting precipitate was collected and washed 
with water to yield 3-acetyl-4-azidoquinoline 225 (614 mg, 57%); mp 138-139 °C 
(from methanol); (Found: M, 212.0698, C,,H8N40 requires M 212.0698); oH 2.80 
(31-i, s, acetyl), 7.61 (1H, m, Ar-I-I), 7.82 (1H, m, Ar-H), 8.07 (IH, m, Ar-H), 8.36 
(1H, m, Ar-H) and 9.17 [1H, s, H(2)]; 0c  29.57 (CH3), 123.55 (quat), 123.94, 127.39, 
129.09, 131.03 (quat), 132.08, 146.81 (quat) 149.58 (quat), 150.69 and 197.09 (quat); 
m/z 212 (M, 10%), 184 (100), 169 (45), 156 (41), 155 (53) and 102 (33). 
3Methylisoxazolo4,3-c]quinoline 240: 
N—O 	
The pyrolysate of the FVP of 3-acetyl-4-azidoquinoline 225 
I / (m 81 mg, 0.38 mmol; Tf 400 °C; T, 75 °C; P 4.6 
x 10 2 
Torr; t 10 mm) was washed through with chloroform to 
N 	 yield 3-methylisoxazolo[4,3-c]quinoline 240 (51 mg, 73%); 
240 mp 115-116°C (toluene); (Found: M 184.063 1, C,,H8N20 
requires M 184.063 1); 0H  2.91 (3H, s, CH3), 7.62 (1 H, m, Ar-H), 7.76 (1 H, m, Ar-H), 
8.04 (11-1, rn, Ar-H), 8.39 (1H, m, Ar-I-i) and 8.97 [1H, s, H(4)]; 0c  12.18 (CH3), 
111.06 (quat), 116.21 (quat), 123.60, 127.99, 129.76, 131.13, 144.99 (quat), 146.53, 
155.27 (quat) and 168.74 (quat); m/z 185 (Mt, 89%), 184 (100), 169 (68), 155 (82), 
156 (75), 142 (60) and 129 (46). 
Temperature profile of F'S/P of 3-acetyl-4-azidoquinoline 225: 
The pyrolyses were carried out (typically m 20 mg, 0.09 mmol; T, 75 °C; P 3.0 x 10 2 
Torr; t 6 mm) at the temperatures described in the following table, with the following. 
peaks in the 'H NMR spectrum of the product mixture used to calculate the product 
ratio: 3-acetyl-4-azidoquinoline 225 {2.80 (31-1, s, acetyl), and 9.17 [1H, s, H(2)]} and 
3-methylisoxazolo[4,3-c]quinoline 240 12.91 (3H, s, CH3) and 8.97 [1 H, s, H(4)]}. 
At higher temperatures unidentified thermal decomposition products started to appear 
in the product mixture which were not identified (see discussion section). 
Temperature / °C 200 300 400 500 
3-Acetyl 4-azidoquinoline 225 / % 74 2 0 0 
3-Methylisoxazolo[4,3-c]quinoline240/% 	. 26 98 100 100 
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1-(4-Aminoquinolin-3-yl)-2-diazo-ethanone 234: 
NH 	 3-Acetyl-4-chloroquinoline 229 (107 mg, 0.52 mmol) 2 
- N 2  and sodium azide (103 mg, 1.58 mmol) were dissolved 
in DMSO (10 cm3) and heated at 60 °C for 8 h. The 
- -  
N 234 	solution was quenched with water (5 cm 
3  ) extracted 
with DCM (5 x  20 cm  portions), the organic extracts 
backwashed with water, dried (MgSO4) and the solvent removed by rotary 
evaporation. The residue was purified by dry flash chromatography (50% ethyl 
acetate in hexane) to yield the chloro- and azido- compounds 229 and 225, spectral 
data for both as previously reported. Stripping the column with methanol yielded 1-
(4-aminoquinolin-3-yl)-2-diazo-ethanone 234 (26 mg, 24%); (Found: M, 212.0693, 
C 11 H8N40 requires M212.0698); oH ([2H6]-DMSO) 7.12 (1H, s, CH-diazo), 7.45 (1H, 
m, Ar-H), 7.61-7.83 (2H, m, 2 x  Ar-H), 8.37 (1H, m Ar-H) and 8.72 [1 H, s, H(2)]; Oc 
([2H6]-DMSO) 53.87, 106.58 (quat), 118.13 (quat), 123.15, 124.91, 128.72, 131.20, 
148.22 (quat), 149.83, 152.61 (quat) and 187.17 (quat); m/z 212 (Mt, 18%), 184 (99) 
156 (50), 155 (100) and 129 (42). 
1 ,3-Dihydropyrrolo[3,2-c]quinolin-2-one 238: 
0 The pyrolysate of the FYP of 1-(4-aminoquinolin-3-yl)-2- 
HN 	diazo-ethanone 234 (m 11 mg, 0.05 mmol; Tf 450 °C; T 1 20 °C; 
P 2.2 x 10 2  Torr; t 15 mm) was washed through with methanol 
and the solvent removed to yield 1,3-dihydropyrro1o[3,2- 
238 	
cJquinolin-2-one 238 (7 mg, 73%); (Found: M, 184.0635. 
C 11 H8N20 requires M 184.0637); Oi-i  ([2H61-DMSO, 360 MHz) 
3.79 (2H, s, CH2), 7.58 [1H, m, H(8)], 7.73 [IH, m, H(7)], 7.97 [IH, m, H(6)], 8.12 
[IH, m, H(9)], 8.66 [1H, s, H(4)] and 11.67 (1H, br s, NH); 0H  ([2H61-DMSO, 90 
MHz) 34.54 (CH2), 114.71 (quat), 116.11 (quat), 122.17 [C(7)], 125.27 [C(8)], 129.07 
and 129.09 [C(6) and C(9)], 145.27 [C(4)], 147.27 (quat), 147.69 (quat) and 177.32 
(quat); m/z 186 (M, 73%), 184 (39), 171 (100), 155 (31), 143 (26) and 116 (47). 
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To a solution of sodium hydrosulfide 
hydrate (16.00 g, 0.19 mol) in water 
(50 cm) was added chloroacetone 244 
(17.2 g, 0.19 mol) at 0 °C. This was 
mechanically stirred for 2 h at 0 °C, 
the precipitate collected and washed with water, ethanol and then ether to yield 
mecaptoacetone 243 (10.5 g, 63%); mp 109-111 °C (from toluene) (lit., 125 112-114 
°C); öu ([2H6]-acetone, 200 MHz) 1.53 (314, s, C113), 2.89 (2H, s, CH2) and 4.97 (111, 
s, SH). 
2-Acetyl-3-aminothiophene 246: 




solution of sodium methoxide [from sodium (5.11 g, 0.22 mol) and 
methanol (I 10 cm3)]. A solution of 2-chloroacrylonitrile 245 (10.3 
246 o g, 0.117 mol) in methanol (60 cm 3)  was then added to this solution, 
keeping the temperature below 4 °C. The mixture was stirred for 2 h at room 
temperature, after which the methanol was removed by rotary evaporation. Water 
(100 cm) was added, extracted with ether (8 x  100 cm  portions), the organic extracts 
dried (MgSO4), and solvent removed by rotary evaporation. The residue was purified 
by Kugelrohr distillation to yield 2-acetyl-3-aminothiophene 246 (7.26 g, 5 1%); bp 
120 °C, (9 Torr) (lit.,' 26 mp 82-83 °C); 8H  2.36 (311, s, acetyl), 6.15 (2H, br s, NH 2), 
6.52 [1H, d, J 5.1, 11(4)] and 7.25 [111, d, J 5.1 H(3)1; 6c  28.20 (CH3), 111.51 (quat), 
119.83, 131.71, 150.05 (quat), and 191.32 (quat). 
2-Acetyl-3-azidothiophene 241: 
N 	A cooled solution of sodium nitrite (4.3 g, 62 mmol) dissolved in the 
minimum amount of water was added dropwise, with cooling to a 
S. 	
solution of 2-acetyl-3-aminothiophene 246 (6 g, 43 mmol) in conc. 
	
241 0 	hydrochloric acid (42 cm 3). The mixture was stirred at 0 °C for 30 
mm. Sodium azide (1.76 g, 27 mmol) dissolved in the minimum amount of water was 
252 
then added dropwise with cooling. The solution was stirred for 30 minutes, and the 
resulting precipitate collected and washed with water to give 2-acetyl-3-
azidothiophene 241 (4.46 g, 61%); mp 56-57 °C (lit., 127 57-58 °C); 8H  2.57 (3H, s, 
CH3), 6.94 [1H, d, J4,3 5.4, H(4)] and 7.51 [1 H, d, J34 5.4, H(3)]; öc 29.11 (CH3), 
121.08, 129.23 (quat), 132.64, 139.99 (quat) and 189.93 (quat); m/z 167 (M, 15%), 
139 (100), 111(82), 110 (61), 87(24), 70 (84) and 58 (51). 
FVP of 2-acetyl-3-azidothiophene 241: 
FVP of 2-acetyl-3-azidothiophene 241 (m 135 mg, 0.81 mmol; Tf 
N  
' 0 350 °C; Ti 55 °C; P1 2.8 x 10 2  Torr; t 7 min) gave a product which 
	
- 	was taken up in DCM and purified by dry flash chromatography 
S 
X. -T (25% hexane in ethyl acetate) to yield 3-methylthieno[3,2-
c]isoxazole 247 (57 mg, 51%); mp 50-52 °C (fit., 127  56-57 °C); oH (360 MHz) 2.61 
(3H, s, CH3), 6.92 [IH, d, J65 5.1, H(6)], 7.49 [IH, d, J56 5.1, H(S)]; Oc (90 MHz) 
12.08 (CH3), 111.63 [C(6)], 115.74 [quat, C(3a)], 140.64 [C(5)], 160.06 [quat, C(3)] 
and 170.34 [quat, C(6a)]; m/z 139 (M, 100%), 126 (62), 111 (50), 110 (28), 97 (17) 
and 70 (40). 
H 	FVP of 2-acetyl-3-azidothiophene 241 (m 115 mg, 0.68 mmol; Tf 
CQ
N 
550 °C; T1 55 °C; P i 3.8 x 10 2  Torr; t 9 mm) yielded 4,5-
dihydrothieno[3,2-b]pyrrol-6-one 242 (58 mg, 61%); mp 120-123 
242 0 °C; (Found: M 139.0092. C 6H5NOS requires M 139.0092); 0H  (360 
MHz) 4.22 (2H, s, CH 2), 4.89 (1H, br s, NH), 6.68 [1 H, d, J3 ,2 5. 1, H(3)]and 7.85 [1H, 
d, J23 5.1, H(2)]; 6c  (90 MHz) 61.03 [CH2, C(5)], 113.65 [C(3)], 116.30 [quat, C(6a)], 
143.87 [C(2)], 175.04 [quat, C(3a)] and 196.19 [quat, C(6)]; m/z 139 (Mt, 100%), 111 
(68), 110(79), 84(61), 70(31) and 67(48). 
Temperature profile of pyrolysis of 2-acetyl-3-azidothiophene 241: 
The pyrolyses were carried out (typically m 20 mg, 0.12 mmol; T 1 45 °C; P 1 3.4 x 10 2 
Torr; t 5 mm) at the temperatures described in the following table. To differentiate 
between 2-acetyl-3-azidothiophene 241 and 3-methylthieno[3,2-c]isoxazole 247 the 
spectra were recorded in ([ 2H6]-DMSO), with the following peaks in the 'H NMR 
spectra of the product mixtures used to calculate the product ratio: 2-acetyl-3-
azidothiophene 241 {7.32 [IH, d, J43 8.3, H(4)] and 8.03 [1H, d, J34 8.3, H(3)]}, 3-
methylthieno[3,2-c]isoxazole 247 (7.11 [IH, d, J6,5 7.8, H(6)] and 7.94 [IH, d, J5, 6 
253 
7.8, H(5)] and 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 16.80 [1H, d, J6 5 5.1, H(6)] 
and 8.21 [IH,d,.J56 5.1 H(5)]}. 
Temperature/°C 200 250 300 350 400 500 550 
2-Acetyl-3-azidothiophene 241 / % 98 92 32 0 0 0 0 
3-Methylthieno[3,2-c]isoxazole 247 / % 2 6 45 65 48 18 0 
4,5-Dihydrothieno[3,2-b]pyrrol-6-one 242 / % 0 2 23 35 1 52 1 82 100 
4H,4'H-[5,5']Bi [thieno[3,2-b] pyrrolylidene] -6,6'-dione 250: 




0.3 mmol) was dissolved in a mixture of phosphate 
N 
N 	
buffer (pH 7, 11 cm 3) and methanol (2 
CM)  , and 
H heated to 50 °C, under a nitrogen atmosphere. A 
0 250 	solution of potassium ferricyanide (292 mg, 0.96 
rnmol) in water (2 cm 3)  was added dropwise over 10 mm, and the mixture stirred for a 
further 30 mm, keeping the temperature at 50 °C. The mixture was allowed to cool, 
stored overnight in a freezer, and the resulting precipitate collected and washed with 
water to give a purple solid identified as 4H,4'H-[5,57Bi[thieno[3,2-b]pyrrolylidenei-
6,6'-dione 250 (21 mg, 53%); (Found: M 273.9871, C 12H6N202S2 requires M 
273.9871); 2max (DMSO) 577 nm; m/z 274 (Mt, 17%), 191 (51), 139 (60), 126 (54) 
112 (55), 110 (57), 69 (36) and 54 (100). No NMR data was available due to the 
compound's insolubility. 
4-Acetyl-4,5-dihydrothieno[3,2-b] pyrrol-6-one 251: 
o To 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 (35 mg, 0.25 mmol) 'Y 
N 	
was 	added acetic anhydride (2 cm 3) and the mixture was heated 
using a hot air blower for 5 mm. The solvent was then removed 
under reduced pressure to yield 4-acety1-4,5-dihydrothieno[3,2- 
251 0 b]pyrrol-6-one 251 (44 mg, 98%); mp 126-128 °C; (Found: M 
181.0196, C8H7NO2S requires M 181.0198); 8H  2.25 (3H, s, CH3), 4.56 (211, s, Cl 2), 
7.69 (1 H, d, J5.0, thiophene-H) and 7.94 (1H, d, J5.0, thiophene-H); öc 22.28 (CH 3), 
61.08 (CH2), 118.18, 123.00 (quat), 143.05, 164.87 (quat), 165.34 (quat) and 184.53 
(quat); m/z 181 (Mt, 41%), 135 (100), 138 (39), 111(70), 110 (52) and 69(21). 
254 
2,2-Dimethyl-5-(6-oxo-5,6-dihydrothieno 13,2-b] pyrrol-4-ylmethylene)-
11 ,31dioxane-4,6-dione 252: 
To a suspension of 4,5 -dihydrothieno[3,2-b]pyrrol-6-one 
0 	O 	
242 (120 mg, 0.86 mmol) suspended in acetonitrile (7 
0 	cm 3) was added MOMMA 120 (144 mg, 0.81 mmol) and 
N 	0 	
the mixture was stirred at room temperature for 24 h. The 
/ 	\ 	
solution was then filtered through celite, the solvent 
concentrated to 0.5 cm  under vacuum and the precipitate 
252 0 collected to yield 2,2-dimethyl-5-(6-oxo-5,6-
dihydrothieno[3, 2-b]pyrrol-4-ylmethylene)-[1, 3]dioxane-4, 6-dione 252 (87 mg, 
37%); mp 204-206 °C (from acetone); (Found: C; 52.9; H 4.0; N 4.85. C 1 3H11N05S 
requires C 53.2; H 3.95; N 5.0); 8H  1.77 (6H, s, 2 x  CH3), 5.10 (2H, s, C142), 7.28 [IH, 
d, J32 5.2, H(3)], 8.09 [IH, d, J2,3 5.2, H(2)] and 8.47 (IH, s, alkene); öc 26.91 (2 x 
CH3), 65.57 (CH2), 90.21 (quat), 103.97 (quat), 112.84, 124.76 (quat), 143.89, 147.54, 
159.52 (quat), 164.52 (quat), 165.77 (quat) and 183.71 (quat); m/z 293 (Mt, 17%), 
235 (100), 191 (25), 167 (68) and 135 (47). 
FVP of 2,2-dimethyl-5-(6-oxo-5,6-dihydrothieno L3,2-b] pyrrol-4-ylmethylene)-
11,3lldioxane-4,6-dione 252: 
FVP of 252 (m 60 mg, 0.20 mmol; Tf 650 °C; T1 200 °C; Pi 3.0 x 10 6  Torr, t 40 mm) 
yielded 7 mg of product which gave a complex 'H NMR spectrum with no 
identifiable resonances. The low yield from the pyrolysis is thought to be due to the 
large amount of decomposition in the inlet tube of the FVP apparatus. 
Dimethyl 2- 16-oxo-4,6-dihydrothieno[3,2-bl pyrrol-(5Z)-ylidene]-succinate 253: 
H 	CO Me 	
To a solution of 4,5-dihydrothieno[3,2-b]pyrrol-6- 
N - 	 one 242 (66 mg, 0.42 mmol) in DMSO (1.5 cm) 
CO2Me 
\ 	 was added a solution of DMAD (60 mg, 0.42 
S 3 253 o 	mmol) in DMSO (0.5 cm) and the mixture was 
stirred at room temperature for I h. Water (3 cm 3)  was added and the mixture was 
stored overnight in a freezer. The resulting precipitate was collected and washed with 
water to yield dimethyl 2-[6-oxo-4, 6-dihydrothieno[3, 2-b]pyrrol-(5Z)-ylideneJ-
succinate 253 (35 mg, 30%); mp 194-196 °C; (Found: M 281.0361, C 12H, 1 N05 S 
requires M 281.0358); oH 3.71 (31-1, s, CO 2Me), 3.82 (3H, s, CO 2Me), 4.11 (2H, s, 
255 
CH2), 6.67 [1 H, d, J3,2 5.0, H(3)], 7.83 [1H, d, J2 ,3 5.0, H(2)] and 9.33 (1 H, br s, NH); 
c 40.80 (CH2), 51.86 (CH3), 52.32 (CH3), 107.33 (quat), 112.55, 114.69 (quat), 
143.38, 146.83 (quat), 164.42 (quat), 168.78 (quat), 171.55 (quat) and 178.26 (quat); 
rn/z 281 (M, 22%), 249 (30), 217 (20), 136 (18), 101 (39) and 78 (100). 
3- [6-Oxo-4,6-dihydrothieno[3,2-b] pyrrol-(5Z)-ylidene]-1 ,3-dihydro-indol-2-one 
255: 
S 	0255 
To a solution of isatin 4 (87 mg, 0.59 mmol) in 
methanol was added solid 4,5-dihydrothieno[3,2-
b]pyrrol-6-one 242 followed by N,N-
disopropylethylamine (ca. 0.1 cm3) and stirred at room 
temperature for 5 h. The solvent was then concentrated 
to 5 cm3 under vacuum, and the resulting precipitate collected and washed with 
methanol to yield 3-[6-oxo-4, 6-dihydrothieno[3 , 2-b]pyrrol-(5Z)-ylideneJ-1, 3-
dihydro-indol-2-one 255 (32 mg, 20%); mp > 330 °C; (Found: M 268.0305, 
C 14H8N202S requires 268.0306); k m,,.,(Methanol) 521 nm (c 7200 mol' cm -1 ); oH 
([2 1-16]-DMSO) 6.92 (IH, m, Ar-H), 7.00-7.06 (2H, m, 1 x  Ar-H and 1 x  thiophene-
H), 7.29 (1H, m, Ar-H), 8.28 (1 H, d, J7.2, thiophene—H), 8.84 (1H, m, Ar-H), 10.89 
(I H, s, NH) and 10.93 (1 H, s, NH); 0c  ([21-16]-DMSO) 110.03, 110.29 (quat), 112.95 
(quat), 115.60, 121.34 (quat), 121.79, 126.02, 130.32, 141.76 (quat), 143.98 (quat), 
144.91, 166.52 (quat), 170.97 (quat) and 179.00 (quat); m/z 268 (M, 100%), 240 
(50), 191 (46), 147 (32), 119 (39) and 92 (36). 
5-[(4-Methoxyphenyl)-hydrazono]-4,5-dihydrothienol3,2-bJ pyrrol-6-one 257: 
HN_OMe 
C z H SO 257 
To a solution of p-anisidine (123 mg, 1 
mmol) in conc. hydrochloric acid (5 cm) 
was added dropwise at 0 °C sodium nitrite 
(125 mg, 1.58 mmol) dissolved in the 
minimum amount of water. The mixture was stirred for 15 mm. 4,5-
dihydrothieno[3,2-b]pyrrol-6-one 242 in methanol (20 cm 3)  was added dropwise, and 
the solution stirred for a further 30 mm. The resulting precipitate was collected and 
washed with water to yield 5-[(4-methoxy-phenyl)-hydrazono]-4, 5-dihydrothieno[3, 2-
b]pyrrol-6-one 257 (69 mg, 25%); mp 173-175 °C; (Found: M 273.0572, 
256 
C 13H 11 N302S requires M273.0572); oH ([2H6]-DMSO) 3.73 (3H, s, MeO), 6.92 (2H, 
d, J 8.9, 2 x  Ar-H), 7.00 (11-1, d, J 5.0, thiophene-H), 7.19 (2H, d, 2 x  Ar-H), 8.16 
(1 H, d, J 5.0, thiophene-H) and 10.49 (IH, br s); 0c  ([2H6]-DMSO) 55.09 (CH3), 
113.79, 114.17 (2 x  CH), 114.49 (2 x  CH), 137.07 (quat), 137.61 (quat), 141.54, 
153.95 (quat), 160.27 (quat) and 171.70 (quat) (One quat missing, presumed overlap); 
m/z 273 (Mt, 66%), 123 (57), 122 (87), 108 (78), 91 (100) and 84 (60). 
4-Nitroso-4,5-dihydrothieno[3,2-b] pyrrol-6-one 258: 
To a solution of 4,5-dihydrothieno[3,2-b]pyrrol-6-one 242 (143 mg, 
I 	1.04 mmol) in water (40 cm 3) and acetic acid (0.2 cm 3) was added 
CQ 
sodium nitrite (135 mg, 1.73 mmol). This mixture was stirred at 
room temperature for 1 h. The resulting precipitate was collected, 
258 0  and DCM (5 cm3) added. This new solution was filtered to remove 
insoluble by products, and the filtrate evaporated to dryness to yield 4-nitroso-4,5-
dihydrothieno[3,2-b]pyrrol-6-one 258 (74 mg, 43%). A further 23 mg of almost pure 
product was obtained by extraction of the first filtrate with DCM (3 x  75 cm  
portions), the organic extracts dried (MgSO 4) and the solvent removed under reduced 
pressure; mp 135-138 °C; (Found: M 167.9991, C 6H4N202S requires M 167.9994); 
0H 4.79 (21-1, s, CH2), 7.83 (IH, d, J 5.1, thiophene—H) and 8.58 (1H, d, J 5.1, 
thiophene—H); Oc  58.40 (CH2), 113.65, 123.90 (quat), 145.50, 161.23 (quat) and 
181.99(quat);m1z 168(M, 8%), 139 (34), 138 (100), 111 (12), 110 (4 1) and 83 (14). 
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3. 9. 	Experimental Data Related to Studies on 5,6-Dihydro-thienol2,3- 
b]pyrrol-4-one 
Attempted Grignard reaction of 2-aminothiophene-3-carbonitrile 262 with 
methyl magnesium chloride: 
To a solution of methyl magnesium chloride (1.66 M, 18 cm 3)  in dry THF was added 
dropwise 2-aminothiophene-3-carbonitrile 262 (1 g, 8.0 mmol) in dry THF under a 
nitrogen atmosphere keeping the temperature below 10 °C. The reaction mixture was 
stirred for I h at room temperature, and then heated under reflux for 0.5 h. The cooled 
reaction mixture was quenched with sulfuric acid (6.66%, 24 cm 3), neutralised with 
sodium hydroxide (I M), extracted with ethyl acetate, the organic extracts 
backwashed with brine, dried (MgSO4) and the solvent removed by rotary evaporation 
to yield the starting nitrile 262 (600 mg). 
This reaction was then repeated, except the reflux time was extended to 24 h, and 
increased amount of methyl magnesium chloride (1.75 M, 24 cm 3)  used. After work 
Up, Ca. 600 mg of material was recovered, which was shown by 'H NMR 
spectroscopy to be the starting nitrile 262 along with small amounts of 
uncharacterised side products. 
Methyl 2-aminothiophene-3-carboxylate 266: 
S 	NH 	To a solution of 2,5-dihydroxy-1,4-dithiane 263 (9.6 g, 63.2 
\ / 	mmol) and methyl cyanoacetate 270 (12.1 g, 122 mmol) in DMF 
266 	0 	(80 cm 
3)  was added dropwise over 10 min at room temperature 
0 TEA (4.4 g, 43.6 mmol). The mixture was stirred for 30 min at 45 
°C. The solution was cooled to room temperature, aqueous acetic acid (200 cm 3,  10%) 
added and extracted with ether (5 x  100 cm  portions). The organic extracts 
backwashed with water (4 x  50 cm3 portions), dried (MgSO4) and the solvent 
removed by rotary evaporation to yield methyl 2-aminothiophene-3-carboxylate 266 
(13.7 g, 76%); mp 80-82 °C; 6H  3.82 (3H, s, CH3), 6.19 (1 H, d, J5.8, thiophene-H), 
6.97 (1H, d, J 5.8, thiophene-H) as for lit.; 114 c 49.99 (CH 3), 105.82 (quat), 106.00, 




S 	NH2 To a suspension of LiAIH4 (660 mg, 17.4 mmol) in dry ether (20 
/ cm 3)  was added dropwise over 10 mm a solution of methyl 2- 
273 aminothiophene-3-carboxylate 266 (1 g, 6.37 mmol) in dry ether (7 
cm 3)  under a nitrogen atmosphere at 0 °C. The reaction mixture was stirred for 3.5 h 
at 0 °C then 2 h at room temperature. Water was then added until evolution of 
hydrogen ceased. The reaction mixture was dried (MgSO4), filtered and the solvent 
removed by rotary evaporation to yield 2-amino-3-methylthiophene 273 (391 mg, 
45%); (Found: M 113.0300, C 5H7NS requires M 113.0299); 8H  1.94 (3H, s, CH3), 
5.02 (2H, br s, NH2), 6.33 (IH, d, J 5.5, thiophene-H) and 6.50 (1H, d, J 5.5, 
thiophene-H); öc 12.22 (CH 3), 108.01, 113.31 (quat), 129.28 and 146.69 (quat); in/z 
113(100%). 
S 	NI-12'H NMR spectroscopic analysis of aliquots removed during reaction 
2 
C'
showed  the presence of (2-aminothiophene-3-yI)-methanol 267; oH 
267 	([21-161-DMSO, 200 MHz) 4.28 (2H, d, CH
2), 4.66 (IH, t, OH), 5.21 
HO (2H, hr s, NH2), 6.28 (IH, d, thiophene-H) and 6.62 (1H, d, 
th iophene-H). 
2,2-Dimethyl-5- [(3-methylthiophene-2-ylamino)-methylene]- [1 ,3]dioxane-4,6-
dione 274: 
0 	 To a solution of 2-amino-3-methylthiophene 273 
S 	 (270 mg, 2.4 mmol) in acetonitrile (5 cm 3)  was added 
0 	a solution of MOMMA 120 (444 mg, 2.4 mmol) in 
274 a acetonitrile (3 cm ) and these were stirred together at 
room temperature for 30 mm. The solvent was then removed to yield 2,2-dimethyl-5-
[(3-methylthiophene-2-ylamino) -methylene]-[1, 3]dioxane-4, 6-dione 274 (623 mg, 
97%); mp 103-105 °C (from isopropyl alcohol); (Found: C 55.3; H 5.35; N 5.60. 
C 1 2H,3N04S requires C 55.6; H 5.0; N 5.4); 8H  1.75 (6H, s, 2 x  CH3), 2.23 (3H, s, 
CH3), 6.77 (1 H, d, J 5.6, thiophene-H), 6.95 (1 H, d, J 5.6, thiophene-H), 8.30 (1 H, d, 
J 14.0, alkene-H) and 11.40 (1H, br-d, J 14.0, NH); Oc  12.96 (CH3), 27.44 (2 x  CH3), 
87.53 (quat), 105.72 (quat), 119.31, 127.65 (quat), 129.90, 135.70 (quat), 155.11, 
163.59 (quat) and 166.24 (quat); m/z 267 (M, 22%). 210 (3), 209 (95), 165 (97), 137 
(76), 136 (100) and 110 (39). 
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3. 10. 	Experimental 	Data 	Related 	to 	Studies 	on 	1,2- 
Dihydrobenzo [4,5] thieno[3,2-bJ pyrrol-3-one 
2-Acetyl-3-aminobenzo[b]thiophene 277: 
A solution of pentane-2,4-dione 278 (0.6 g, 6 mmol) in 
NI-12 	
ethanol (2 cm 3)  was added dropwise with stirring over 10 mm 
I to a cooled solution of sodium ethoxide [from sodium (0.15 g, 
- 	S 	0 6.5 mmol) and ethanol (8 cm3)], and stirred for a further 20 
277 min with cooling. Crushed 3-chloro-1,2-benzisoxazole 279 (1 
g, 5.97 mmol) was then added at room temperature, stirred for 30 mm, then heated 
under reflux for 16 h. 
The mixture was then cooled to room temperature and added to ice (40 cm). The 
resulting precipitate collected and washed with water and ethanol to yield 2-acetyl-3-
aminobenzo[b]thiophene 277 (900 mg, 80%); mp 142-144 °C (lit.,' 38 145.5-147 °C); 
oH 2.42 (311, s, CH3), 6.77 (21-1, br, NH 2), 7.34 (1H, m, Ar-H), 7.49 (1 H, m, Ar-H) 
and 7.65 - 7.72 (214, m, 2 x  Ar-H); 0c  28.93 (CH3), 108.57 (quat), 121.63, 123.34, 
123.97, 128.78, 131.05 (quat), 139.67 (quat), 148.57 (quat) and 193.07 (quat); m/z 
191 (M, 96 %), 177 (28), 176 (100), 148 (65), 121 (69) and 77 (37). 
2-Acetyl-3-azidobenzo[b]thiophene 275: 
N 	2-Acetyl-3-aminobenzo[b]thiophene 277 
(570 mg, 2.98 
mmol) was dissolved in hot conc. phosphoric acid (10 cm 3) 
and then cooled to 0 °C. A solution of sodium nitrite (296 mg, 
0 4.29 mmol) in the minimum amount of water was added 
275 
dropwise, and then stirred for 30 min keeping the temperature 
at 0 °C. A solution of sodium azide (365 mg, 5.62 mmol) in the minimum amount of 
water was added dropwise, and the solution stirred for a further 30 mm. The resulting 
precipitate was filtered and washed with water to yield 2-acetyl-3-
azidobenzo[b]thiophene 275 (306 mg, 47%); mp 60-62 °C (from ethanol); (Found: 
M, 217.03 10, C 1 0H7N30S requires 217.0310); Oi-, 2.67 (3H, s, acetyl), 7.49 (1 H, m, 
Ar-H), 7.53 (IH, m, Ar-H), 7.79 (11-1, m, Ar-H) and 8.00 (11-1, m, Ar-H); 0c  29.74 
(CH3 , 123.06, 123.07, 125.06, 127.31 (quat), 128.36, 134.23 (quat), 134.32 (quat), 
138.47 (quat) and 191.30 (quat); m/z 217 (M, 6%), 189 (92), 161 (100), 146 (55), 
103 (46) and 59 (38). 
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FVP of 2-acetyl-3-azidobenzo[b] thiophene 275: 
N-.. 	FVP of 2-acetyl-3-azidobenzo[b]thiophene 275 (m 60 mg, 
/ 0.27 mmol; Tf 300 °C; Ti60°C; P2.8 x 10.2  Torr; t 10 mm) 
I 	 yielded 3-methylbenzo[b]thieno[3,2-cJisoxazole 248 (38 mg, 
248 	72%); (Found: M, 189.0246. C, 0H7NOS requires M 
189.0248); 31-12.62 (3H, s, acetyl), 7.41 (IH, m, Ar-H), 7.49 (1H, m, Ar-H), 7.64 (1 H, 
m, Ar-H) and 8.09 (1H, m, Ar-H); öc 12.00 (CH 3), 113.86 (quat), 124.00, 124.08, 
124.16 (quat), 125.24, 129.74, 147.63 (quat), 159.51 (quat) and 166.55 (quat); m/z 
189 (Mt, 100%), 161 (95), 146 (78), 130 (29), 103 (61) and 76(25). 
H 	The 	pyrolysate 	of the 	FVP 	of 2-acetyl-3- 
N azidobenzo[b]thiophene 275 (m 100 mg, 0.47 mmol; Tf 600 
°C; T1 60 °C; P 2.6 x 10 2  Torr; t 12 mm). was washed 
0 
()3S 	through first with chloroform then acetone to yield 1,2- 
276 dihydrobenzo[4, 5]thieno[3, 2-b]pyrrol-3-one 276 (ca. 10 
mg). (Found: M, 189.0244. C, 0H7NOS requires M 189.0248); 'H NMR spectroscopy 
in [2H6]-DMSO equilibrated at 80% enol and 20% keto tautomer. 8H  ([2H6]-DMSO, 
H 	360 MHz, enol tautomer); 6.62 [1H, s, H(2)], 7.18 [1H, m, 
H(6)], 7.34 [1H, m, H(7)], 7.79 [1H, m, H(8)] and 7.81 
cj~s [IH, m, H(S)]; 8H  ([2H61-DMSO, 360 MHz, keto tautomer); 4.32 (2H, s, CH2), 7.51 [1H, m, H(7)], 7.60 [1H, m, H(6)], 
276b 
7.98 [IH, m, H(S)], 8.05 [IH, m, H(8)] and 8.32 [IH, br s, 
NH]; öc ([2 H61-DMSO, 90 MHz, enol tautomer) 107.04 [C(2)], 109.87 [quat, C(3a)], 
118.46 [C(8)], 122.38 [C(6)], 124.07 [C(7)], 124.16 [C(S)], 127.77 [quat, C(8a)], 
129.86 [quat, C(8b)], 137.14 [quat, C(3)], and 140.71 [quat, C(4a)]; öc ([ 2H61-DMSO, 
90 MHz, keto tautomer) 60.10 [CH 2, C(2)], 109.50 [quat, C(3a)], 123.65 [C(8)], 
125.05 [C(7)], 125.22 [C(S)], 126.05 [quat, C(8a)], 129.53 [C(S)], 147.99 [quat, 
C(4a)], 171.36 [quat, C(8b)] and 190.43 [quat, C(3)]; m/z 189 (M, 100%), 188 (82), 
176 (91), 161 (48), 105 (78) and 77(49). 
Temperature Profile of FYP of 2-acetyl-3-azidobenzo[b]thiophene 275: 
The pyrolyses were carried out (typically in 31 mg, 0.14 mmol; T j 60 °C; P 1.9 x 10 2 
Torr; t 6 mm) at the temperatures described in the following table, with the following 
peaks in the 'H NMR spectrum of the product mixture used to calculate the product 
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ratio: 2-acetyl-3-azidobenzo[b]thiophene 275 [2.67 (3H, s, acetyl), 7.79 (IH, m, Ar-
H) and 8.00 (1 H, m, Ar-H)] and 3-methylbenzo[b]thieno[3,2-c]isoxazole 248 [2.62 
(3H, s, acetyl), 7.64 (1H, m, Ar-H) and 8.09 (1H, m, Ar-H)]. At higher temperatures 
unidentified thermal decomposition products started to appear in the product mixture 
(see discussion section). 
Temperature/°C 200 300 400 
2-Acetyl-3-azidobenzo[b]thiophene 275 / % 81 0 0 
3-Methylbenzo[b]thieno[3,2-c]isoxazole 248 / % 19 100 100 
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3. 11. 	Experimental 	Data 	Related 	to 	Studies 	on 	1,2-. 
Dihydrobenzo 14,51 furano[3,2-b] pyrrol-3-one 
2-(2-oxopropoxy)-benzonitrile 288: 
o-Cyanophenol 287 (10.6 g, 89 mmol) and chioroacetone 
244 (11.3 cm 3, 142 mmol) were dissolved in DMF (22 CM) 
and heated to 70 °C. Triethylamine (21 cm 3 , 152 mmol) was 
--,~ 
0 -",y added over 30 mm, and the mixture stirred for a further 30 
	
288 	0 	min at 70 °C. After cooling, water (27 cm) was added, and 
the precipitate was washed with conc. hydrochloric acid followed by water to yield 2-
(2-oxopropoxy)-benzonitrile 288(11.95 g, 77%); mp 88-90°C (from ethanol) (lit.,' 43 
90-91 °C); 8H2.O9  (3H, s, CH3), 4.61 (21-1, s, CH2), 6.77 (1H, m, Ar—H), 7.00 (1 H, m, 
Ar—H) and 7.43-7.55 (2H, m. 2 x  Ar-H); 8C 26.33 (CH 3), 72.81 (CH2), 101.90 (quat), 
111.96, 115.77 (quat), 121.52, 133.60, 134.17, 159.03 (quat) and 203.71 (quat); m/z 
175 (M, 76%), 133 (100), 32(99), 164 (99), 76 (87) and 75 (86). 
2-Acetyl-3-aminobenzo[b]furan 280: 
NH 	2-(2-Oxopropoxy)-benzonitrile 288 (10 g, 57 mmol) was 
dissolved in methanol (210 cm 3) and sodium methoxide [from 
0 	
0 sodium (4.5 g, 0.2 mol) and methanol (60 cm  3)]  was added 
280 dropwise at room temperature. This was stirred for a further 
30 mm, cooled with ice, the precipitate filtered and washed with water and methanol 
to yield 2-acetyl-3-aminobenzo[b]furan 280 (5.66 g, 57%); mp 154-156 °C (lit., 143 
153-155 °C); oH 2.35 (3H, s, acetyl), 5.49 (2H, br, NH 2) 7.08 (IH, m, Ar-H), 7.24-
7.37 (2H, m, 2 x  Ar-H) and 7.44 (11-1, m, Ar-H); 0c  25.77 (CH3), 112.43, 120.11, 
121.15 (quat), 122.08, 129.32, 135.20 (quat), 138.33 (quat), 153.86 (quat) and 186.64 
(quat); m/z 175 (Mt, 94%), 160 (100), 132 (38), 104 (61), 77 (57) and 76 (23). 
(2H)-Benzo[blfuran-3-one 289: 
0 2-Acetyl-3-ammnobenzo[b]furan 280 (533 mg, 3.05 mmol) was 
added to hydrochloric acid (2M, 90 cm 3) and heated with a hot air 
I blower until the solid was filly dissolved. The solution was allowed 
3 
289 	to cool to room temperature, extracted with DCM (5 x  75 cm ), the 
organic extracts dried (MgSO4) and the solvent removed by rotary evaporation to 
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yield (21])-benzo[b]furan-3-one 289 (302 mg, 74%); mp 98-100 °C (from ethanol) 
(lit.,' 45 101-102 °ç); 6H 4.63 (2H, s, CH2), 7.06-7.16 (2H, m, 2 x  Ar-H) and 7.58 - 
7.70 (2H, m, 2 x  Ar-H); 5H  74.54 (CH2), 113.51, 121.01 (quat), 121.85, 123.92, 
137.73, 173.85 (quat) and 199.76 (quat); m/z.134 (M t, 100%), 105 (99), 104 (85), 77 
(84), 76 (96) and 50 (80). 
Attempted reaction of (211)-benzo[b]furan-3-one 289 with MOMMA 120: 
(2H)-Benzo[b] furan-3 -one 289 and an equimolar amount of MOMMA 120 were 
dissolved in the minimum amount of acetonitrile. The mixture was stirred at room 
temperature for 16 h but removal of solvent yielded only unreacted starting materials 
by 'H NMR spectroscopy. 
The same reaction mixture was heated under reflux for 3 h, with removal of solvent 
yielding only unreacted starting materials. 
Attempted reaction of (2H)-benzo[blfuran-3-one 289 with DMAD: 
(2H)-Benzo[b]furan-3-one 289 was treated with an equimolar amount of DMAD in 
DMSO under the same conditions that produced 149. Upon addition of water, the 
resulting precipitate was shown to be unreacted starting materials by 'H NMR 
spectroscopy (ca. 25% recovery). 
2,3-Dibromo-2,3-dihydrobenzolb]furan 294: 
Br 	To a solution of benzo[b]furan 293 (10 g, 84.7 mmol) in 
carbon disulfide (100 cm 3)  was added a solution of bromine 
I 	Br (4.8 cm3, 94 mmol) in carbon disulfide (100 cm 3) and the 
294 	mixture was stirred at room temperature for 18 h. The solution 
was then washed with sodium thiosulfate solution (0.01 M) followed by water. The 
organic layer was dried (MgSO 4) and the solvent removed by rotary evaporation to 
yield 2,3-dibromo-2,3-dihydrobenzo[b]furan 294 (20.3 g, 87%); mp 82-84 °C (lit., 146 
86 °C); SH 5.77 (IH, s), 6.94 (1H, s), 7.07 (1H, m, Ar-H), 7.17 (1H, m, Ar-H), 7.40 
(IH, m, Ar-H) and 7.54 (IH, m, Ar-H); 8 C 52.85, 90.38, 112.36, 124.04, 125.71, 
125.98 (quat), 131.42 and 156.83 (quat); m/z 279 (Mt, 7%), 277 (M, 15), 275 (Mt , 




Br To an ice cooled solution of potassium hydroxide (735 mg, 13.1 
WO
mmol) in ethanol (50 cm 3)  was added 2,3-dibromo-2,3- 
dihydrobenzo[b]furan 294 (2.82 g, 10.1 rnmol) in portions. This 
 
297 solution was stirred for 30 min at 0 °C, and then heated under reflux 
for 3 h. After cooling to room temperature, ether (50 cm 3)  followed by hydrochloric 
acid (2 M, 50 cm 3)  were added, and the solution was extracted with DCM (3 x  75 cm3 
portions), the organic extracts dried (MgSO 4) and the solvent removed by rotary 
evaporation to yield 3-bromobenzo[b]furan 297 (1.94 g, 96%); bp 80 °C (8 torr) 
[lit.,' 50 110 °C (20 torr)]; 8H  7.24-7.30 (2H, m, 2 x  Ar-H), 7.40-7.5 1 (2H, m, 2 x  Ar-
H) and 7.58 [1H, s, H(2)]; öc 97.80 (quat), 111.60, 119.66, 123.30, 125.30, 126.97 
(quat), 142.48 and 154.26 (quat). m/z 194 (M, 4%), 97 (31), 83 (40), 81(60), 71 (36) 
and 69 (100). 
2-Acetyl-3-bromobenzo [b] fu ran 290: 
	
Br 	To a solution of 3-bromobenzo[b]furan 297 (898 mg, 4.55 
mmol) in DCM (12.5 cm 3)  was added acetyl chloride (369 
I rng, 4.70 mmol) followed by anhydrous aluminium chloride 
0 (1.12 g, 8.38 mmol). The mixture was stirred. at room 
290 
temperature for 5 h, then added to hydrochloric acid (2M, 18 
cm 3) in iced water (100 cm 3), extracted with DCM (3 x  50 CM),  the organic extracts 
dried (MgSO4) and the solvent removed by rotary evaporation to yield 2-acetyl-3-
bromobenzo[b]f6ran 290 (755 mg, 70%); mp 81-83 °C (lit., 147  83 °C); 6F1  2.70 (3H, s, 
acetyl), 7.35 - 7.43 (2H, m, 2 x  Ar-H), 7.55 (1H, m, Ar-H) and 7.67 (1H, m, Ar-H); 
5c 28.06 (CH3), 104.00 (quat), 112.36, 121.94, 124.30, 128.14 (quat), 129.22, 147.54 
(quat), 153.34 (quat) and 188.34 (quat); m/z 240 (M, 66%), 238 (67), 225 (98), 223 
(100), 169 (25), 167 (26), 89 (29) and 88 (30). 
Reaction of 2-acetyl-3-bromobenzo[b]furan 290 with sodium azide: 
2-Acetyl-3-bromobenzo[b]furan 290 (ca 12 mg, 0.05 mmol) and sodium azide (Ca. 7 
mg, 0.1 mmol) were dissolved in [2H6]-DMSO (0.8 cm 3) and reacted at the following 
times and temperatures. The progress of the reaction mixture was analysed by 'H 
NMR spectroscopy without work up. 
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After 21 h at room temperature the mixture showed only starting material. After 3 h 
at 60 °C there was also no significant change. Analysis by mass spectrometry after 
extraction showed that 290 remained, rather than instantaneous reaction to produce a 
species with comparable 'H NMR spectrum. 
After 4 h at 120 °C a highly complex 'H NMR spectrum was obtained, although no 
notable species containing a new acetyl peak were noticeable. 
After 22 h at 80 °C starting material 290 was mainly recovered, along with a few 
new minor species. 
After 120 h at 65 °C a messy 'H NMR spectrum was obtained, containing little 
starting material but no distinguishable new species. 
From these results it appeared that no conditions could be easily found for the 
nucleophil ic displacement of 2-acetyl-3-bromobenzo[b] furan 290 with sodium azide 
to produce 2-acetyl-3-azidobenzo[b] furan 283. 
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3. 12. 	Experimental Data Related to Studies on 1,8-Dihydro-2H- 
pyrrolo[2,3-bjindol-3-one 
3-Acetyl-2-chloroindole 300: 
To a mixture of chloroform (10 cm 3) and DMA (2.85 cm) was 
added dropwise phosphoryl chloride (2.75 cm3). A solution of 
oxindole 29 (1.35 g, 10.2 mmol) in chloroform (10 cm 3)  was 
then added, and the resulting solution was heated under reflux 
for 5 h. The solution was poured carefully into water and 
300 	washed with DCM (3 x  20 cm 3). The aqueous layer was 
neutralised with solid sodium acetate and left overnight. The resulting precipitate was 
collected and washed with water to yield 3-acetyl-2-chloroindole 300 (1.07 g, 54%); 
mp 238-240 °C (fit.,"' 240-242 °C); oH ([2H6]-DMSO) 2.58 (3H, s, acetyl), 7.21-7.29 
(2H, m, 2 x  Ar-H), 7.39 (1H, m, Ar-H) and 8.17 (114, m, Ar-H); 8 c 30.09 (CH3), 
110.93, 110.96 (quat), 120.89, 121.96, 123.04, 125.74 (quat), 129.32 (quat), 133.97 
(quat) and 191.62; m/z 193 (M, 100%), 180 (77), 178 (100), 175 (80), 160 (70) and 
129 (50). 
Attempted reaction of 3-acetyl-2-chloroindole 300 with sodium azide under 
aqueous conditions: 
3-Acetyl-2-chloroindole 300 (196 mg, 1 mmol) and sodium azide (168 mg, 2.58 
mmol) were placed in a mixture of aq. ethanol (10%, 15 cm 3) and hydrochloric acid 
(10%, 1.5 cm 3) and heated at 95 °C. To monitor the reaction, aliquots of ca 2 cm  
were removed, to which the solvent was removed and after addition of water a 
precipitate was obtained. After 8 days, none of the desired 3-acetyl-2-azidoindole 298 
was produced, with mainly the starting 300 recovered along with small amounts of 
oxindole 29. 
Attempted reaction of 3-acetyl-2-chloroindole 300 with sodium azide in DMSO: 
Several samples containing 3-acetyl-2-chloroindole 300 (100 mg, 0.5 mmol) and 
sodium azide (200 mg, 4 mmol) were dissolved in DMSO (4 cm3). These were heated 
at various temperatures for differing times, before being worked up by quenching 
with water (5 cm 3),  followed by either collection of precipitate or extraction (ethyl 
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acetate), back washed with water, dried (MgSO4) and removal of solvent. The product 
mixture was then analyzed by 'H NMR spectroscopy. 
Heating at 60 °C for 20 h led to entirely starting material recovered. 
Heating at 75 °C for 20 h led to a very small amount of a second product being 
formed. 
Heating at 90 °C for 4 h led to a similar small amount of secondary product. 
Heating at 90 °C for 20 h led to an increase in the amount of the secondary species 
being formed, although the starting chloride 300 was still the main component of the 
mixture, and the presence of decomposition product was noted. 
Heating at 90 °C for 44 h led to almost entire consumption of starting chloride 300, 
although a complex mixture was produced with no obvious products present. 
1) Heating at 90 °C for 120 h led to a very complex mixture with no identifiable 
components. 
It was thus concluded that reaction conditions that allowed the formation of 
substantial amounts of 3-acetyl-2-azidoindole 298 by the nucleophilic substitution of 
3-acetyl-2-chloroindole 300 with sodium azide in DMSO could not be achieved. 
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3. 13 	Experimental Data Related to the Synthesis and Pyrolysis of Ortho 
Substituted Aromatic N-Methylene Meldrum's Acid Derivatives 
Methyl 2-[(2,2-Dimethyl-4,6-dioxo-[1 ,3] dioxan-5-ylidenemethyl)-amino]-
thiophene-3-carboxyate 320: 
	
0 	0 	To a solution of methyl 2-aminothiophene-3- 
carboxylate 266 (628 mg, 4 mmol) dissolved in 
0 	acetonitrile (5 cm 3)  was added a solution of MOMMA 
NH o 120 (744 mg, 4 mmol) dissolved in acetonitrile (4 cm 3) 
/ 	 and this solution was stirred for 30 min at room 
0 temperature. The resulting precipitate was collected and 
320 
washed with acetonitrile to yield methyl 2-1(2, 2- .' 
dimethyl-4, 6-dioxo-[] , 3Jdioxan-5-ylidenemethyl)-amino]-thiophene-3-carboxylate 
320 (924 mg, 74%); mp 201-202 °C; (Found: M' 311.0463. C 13H13N06S requires 
311.0463); oH 1.75 (6H, s, 2 x  C143), 3.97 (3H, s, CH3), 6.85 (1 H, d, J5.7, thiophene-
H), 7.28 (1H, d, J5.7, thiophene-H), 8.37(111, d, J 14. 1, alkene) and 13.04 (1H, br d, 
J 14.1, NH); 0c  27.59 (2 x  CH3), 52.73 (CH3) 90.06 (quat), 105.74 (quat), 116.38, 
117.65 (quat), 127.95, 150.39 (quat), 151.36, 163.45 (quat), 163.71 (quat) and 164.61 
(quat); m/z 311 (Mt , 5%), 253 (43), 209 (92), 177 (54), 150 (100) and 149 (50). 
Methyl 4-oxo-4,7-dihydrothieno 12,3-b] pyridine-5-carboxylate 321: 
FVP 	of 	2-[(2,2-dimethyl-4,6-dioxo-[ I ,3]dioxan-5- 
yl idenemethyl)-amino}-thiophene-3-carboxyl ic acid methyl 
ester 320 (m 213 mg, 0.6,8 mmol; Tf 550 °C; T1 195 °C; P 
\ 3.8 x 10 2  Torr, t 10 mm) yielded a crude mixture, of which 
the main product was isolated by column chromatography )L I 
(50% ethyl acetate in hexane) and shown to be methyl 4-oxo-4, 7-dihydrothieno[2,3-
b]pyridine-5-carboxylate 321 (38 mg, 27%); (Found: M 209.0149. C 9H7NO3 S 
requires 209.0147); 0H  4.03 (314, s, CH3), 7.42 (111, d, J6.0, thiophene-H), 7.51 (111, 
d, J6.0, thiophene-H), 8.91 [1H, s, H(2)] and 11.81 (IH, br s, NH); 0c  51.61 (CH3). 
103.72 (quat), 117.98, 121.52 (quat), 124.3 8, 147.41, 162.21 (quat), 166.23 (quat) and 
169.69; m/z 209 (M, 38%), 178 (15), 177 (100), 149 (19), 121 (10) and 53 (12). 
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To a solution of 2-aminobenzyl alcohol (330 mg, 
2.68 mmol) in acetonitrile (5 cm 3)  was added a 
solution of MOMMA 120 (500 mg, 2.68 mmol) in 
acetonitrile (4 cm 3) and stirred for 1 h at room 
temperature. The solvent was then removed by rotary 
evaporation to yield 5-[(2- 
hydroxymethylphenylamino)-methylene]-2, 2-dimethyl-[1, 3]dioxane-4, 6-dione 	333 
(725 mg, 98%); mp 154-156 °C (from toluene); (Found C 60.95; H 5.50; N 5.05. 
C 1 4H 1 5N05 requires C 60.65; H 5.45; N 5.05). 8H  1.73 (6H, s, 2 x  CH3), 4.84 (2H, s, 
CH2), 7.18-7.43 (4H, s, 4 x  Ar-H), 8.61 (1H, d, ff4.9, alkene) and 12.11 (IH, br d, 
J 14.9, NH); öc 27.44 (2 x  CH3), 63.72 (CH2), 87.95 (quat), 105.38 (quat), 117.66, 
126.93, 130.06 (2 x  CH), 130.75 (quat), 138.46 (quat), 153.30, 164.39 (quat) and 
165.56 (quat). 
Quinolin-4-one 325: 
0 	The pyrolysate of the FVP of 5-[(2-hydroxymethylphenylamino)- 
methylene]-2,2-dimethyl-[1,3]dioxane-4,6-dione 333 (m 161 mg, 
I 	0.58 mmol; Tf 550 °C; Ti170 °C; p 1.8 x 10 2  Torr; t 10 mm) was 
N washed out with methanol and the solvent removed to yield 
325 H 
quinolin-4-one 325 (68 mg, 81%). oH ([2H6]-DMSO) 6.04 [1H, d, 
J3,2 7.4, H(3)], 7.31 (IH, m, Ar-H, non first order), 7.61-7.66 (2H, m, 2 x  Ar-H), 7.92 
[IH, d, f2 , 3 7.4, H(2)] and 8.10 (11-1, m, Ar-H) as for lit.;' 65 0c ([ 2H6]-DMSO) 108.31, 
118.29, 122.71, 124.64, 125.59 (quat), 131.22, 139.38, 140.05 (quat) and 176.65 
(quat); m/z 145 (M, 100 %), 117 (71), 90 (32), 89 (30) and 60 (32). 
3-Aminothiophene-2-methanol 334: 
NH 	To a suspension of LIAIH4 (1 g, 26.6 mmol) in dry THF (20 cm) 
\ 	
was added dropwise a solution of methyl 3-aminothiophene-2- 
s carboxylate 335 (1 g, 6.4 mmol) in dry TI-IF (8 cm 3) at 0 °C under a 
334 OH nitrogen atmosphere. The mixture was stirred for 1.5 h at 0 °C, 
quenched with water until hydrogen evolution ceased, dried (MgSO4), filtered and the 
solvent removed by rotary evaporation to yield 3-aminothiophene-2-methanol 334, 
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(730 mg, 88%); mp 71-73 °C; (Found: M 129.0249. C 5H7NOS requires 129.0248); 
6H ([2H6]-DMSO) 4.43 (2H, d, J 5.5, CH2), 4.66 (21-1, br s, NH 2), 4.95 (1H, t, J 5.5, 
OH), 6.52 (IH, d, J5.2, thiophene-I-1) and 7.10 (1H, d, J5.2, thiophene-H); 5c([2H6]-
DMSO) 55.51 (CH2), 114.20 (quat), 121.93, 122.48 and 143.52 (quat). m/z 129 (M, 
58%), 113 (60), 112 (100), 111 (46), 70 (15) and 67(16). m/z 125 (M, 48%), 113 
(57) and 112 (100). 
Dithieno[3,2-b:2',3'-e]pyridine 336: 
3-Aminothiophene-2-methanol 334 (200 mg, 1.55 mmol) was 
heated at 100 °C for 1 h with stirring. The reaction product 
was then dried under vacuum. 'H NMR spectroscopy of the 
336 crude product mixture showed along with thermal 
decomposition product (complex range of peaks at oH 6.4-7.2), along with some 
dithieno[3,2-b:2',3'-e]pyridine 336 (ca 20 mg); 0H  7.60 (2H, d, J 5.6, thiophene-H), 
7.79 (21-1, d, J 5.6, thiophene-H) and 8.66 (IH, s, pyridine-H) as for lit.; 167 8c 124.80, 
125.00 (2 x  CH), 129.98 (2 x  quat), 131.77 (2 x CH) and 155.51 (2 x  quat); m/z 192 
(12%), 191 (Mt, 100), 147 (8), 95 (12) and 69 (18). 
5- [(2-Hydroxymethylthiophene-3-ylamino)-methylenej-2,2-dimethyl-
[1,3]dioxane-4,6-dione 338: 
To a solution of 3-aminothiophene-2-methanol 334 (194 
O—\___ mg, 1.5 mmol) in acetonitrile (15 cm 3)  was added a 
H / 	
0 	solution of MOMMA 120 (252 mg, 1.5 mmol) in 
N 	 acetonitrile (5 cm3) and the mixture was stirred at room 0 
temperature for 16 h. The solvent was then removed by 
s 	338 	rotary evaporation to yield 5-[(2-hydroxymethylthiophene- 
OH 3-ylamino)-methylene]-2, 2-dimethyl-[1 , 3] dioxane-4, 6-
dione 338 (410 mg, 97%); mp 121-123 °C (from isopropyl alcohol); (Found: M, 
283.0515. C 12H 13N05 S requires 283.0515); OH  1.72 (61-1, s, 2 x  CH3), 4.92 (2H, s, 
CH2), 7.10 (1H, d, J6.5, thiophene-H), 7.26 (2H, d, J6.5, thiophene-H), 8.47 (1H, d, 
J 14.7, alkene) and 11.94 (1H, br d, J 14.7, NH); Oc  27.38 (2 x  CH3), 58.26 (Cl-I2), 
86.60 (quat), 105.48 (quat), 118.83, 125.67, 127.82 (quat), 135.50 (quat), 153.21, 
164.26 (quat) and 165.85; m/z 283 (M, 9%), 209 (73), 165 (88), 157 (59), 136 (100) 
and 125 (77). 
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4H-Thieno[3,24] pyridin-7-one 339: 
	
H 	The pyrolysate of the FVP of 5-[(2-hydroxymethylthiophene-3- 
b
N ylamino)-methylene]-2,2-dimethyl-[ I ,3]dioxane-4,6-dione 338 (m 
s 
113 rng, 0.40 mmol; Tf 550 °C; T1 170 °C; P1 2.4 x 10 2  Torr, t 5 
 mm) was washed out with methanol, and the solvent removed to 
339 0 
yield 4H-thieno[3,2-b]pyridin-7-one 339 as the main product (36 
mg, 60%); oH ([2H6]-DMSO) 6.07 (1H, d, J 7.2, pyridone-H), 7.27 (IH, d, J 5.5, 
thiophene-H), 7.87 (1 H, d, J7.2, pyridone-H) and 7.99 (1 H, d, J5.5, thiophene-H) as 
for lit.; 169 0c ([ 2H6]-DMSO) 109.64, 118.86, 113.39(2 x  CH), 137.88 (quat), 166.94 
(quat) and 173.48 (quat); m/z 151 (Mt, 100%), 135 (48), 134 (49), 125 (29), 96 (33) 
and 69 (48). 




341 0 o 
To a solution of 2-amino-5-chlorobenzaldehyde 
340 (502 mg, 3.24 mmol) dissolved in 
acetonitrile (40 cm 3)  was added a solution of 
MOMMA 120 (596 mg, 3.20 mmol) dissolved 
in acetonitrile (4 cm 3) and the mixture was 
stirred at room temperature for 1 h. The 
resulting precipitate was collected and washed with acetonitrile to yield 5-[(4-chloro-
2-formylphenylamino)-methylene]-2, 2-dimethyl-fi, 3Jdioxane-4, 6-dione 341 (644 mg, 
65%); mp 225-227 °C; (Found: C 54.25; H 3.8; and N 4.5; C 14H 12C1N05 requires C 
54.3; H 3.9; N 4.5); 0H  ([2H6]-DMSO) 1.72 (6H, s, 2 x  CH3), 7.82 [1H, dd, J4, 3  9.0 
and J4,6 2.5, H(5)], 8.00 [IH, d, J3 4 9.0, H(6)], 8.14 [1 H, d, J64 2.5, H(3)], 8.80 (1H, 
d, J 14.0, alkene), 10.00 (1 H, s, aldehyde) and 13.02 (1H, br d, J 14.0, NH); 0c  ([2H6]-
DMSO) 26.38 (2 x  CH3), 89.21 (quat), 104.22 (quat), 118.59 124.39 (quat), 129.25 
(quat), 135.03, 135.09, 127.09 (quat) 151.08, 162.27 (quat), 163.01 (quat) and 193.93; 
m/z 309 (M, 5%), 209 (32), 207 (100), 162 (39), 99 (24) and 75 (28). 
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6-Chloroquinoline 342: 
Cl 	 The pyrolysate of the FVP of 5-[(4-chloro-2- 
I formylphenylamino)-methylene] -2,2-d imethyl-[ 1 ,3]dioxane- 
342 N 
	4,6-dione 341 (m 288 mg, 0.94 mmol; Tf 550 °C; T1 220 °C; 
P 1.0 x 02 Torr, t 14 mm) was washed through with DCM 
and the solvent removed to yield 6-chloroquinoline 342 (95 mg, 62%); oH 7.44 [1H, 
dd, J3,4 4.3 and f3 , 2 8.2, H(3)], 7.65 [1H, dd, .J75 2.3 and J7,8 9.0, H(7)], 7.81 [1H, d, 
J57 2.3, H(5)], 8.03-8.12 [(2H, m, H(2) and H(8)] and 8.92 [1H, dd, f4, 2 1.6 and f4,3 
4.3, H(4)] as per lit.; 170  0c  121.80, 126.30, 128.71 (quat), 130.39, 130.76, 132.25 
(quat), 135.20, 146.29 (quat) and 150.33; m/z 165 (Mt, 34%), 163 (Mt, 100), 128 
(30), 101 (11)and 75 (15). 
3-Aminothiophene-2-carboxaldehyde 345: 
NH 	To a solution of 3-aminothiophene-2-methanol 334 (695 mg, 5.4 
ds
mmol) in toluene (45 cm 3)was added solid activated manganese 
 dioxide (6 g, 69 mmol) and the mixture heated under reflux for 3 h. 
345 0 The mixture was then cooled to room temperature, filtered through 
celite and the solvent removed to yield 3-aminothiophene-2-carboxaldehyde 345 (252 
rng, 37%); 6H 6.15 (2H, br s, NH2), 6.53 (1H, dd, J5.3 and J0.8, thiophene-H), 7.46 
(Il-I, d, f 5.3, thiophene-H) and 9.56 (1H, d, J0.8, aldehyde) as for lit.;'42 8,  113.71 
(quat), 120.02, 136.59, 154.72 (quat) and 182.92 (quat). 
3-[(2,2-Dimethyl-4,6-dioxo- 11,31 dioxan-5-ylidenemethyl)-amino]-thiophene-2-
carbaldehyde 346: 
To a solution of 3-aminothiophene-2-carboxaldehyde 345 
O 	(200 mg, 1.5 mmol) in acetonitrile (5 cm) was added a 
0 	solution of MOMMA 120 (260 mg, 1.5 mmol) in 
acetonitrile (2 cm 3) and the mixture was stirred at room 
C
temperature for 30 mm. The resulting precipitate was 
collected and washed with acetonitrile to yield 3-[(2,2- 
 
S 	\346 	 . 
0 	 dimethyl-4, 6-d:oxo-[] , 3]dioxan-5-ylidenemethyl)-am:no]- 
thiophene-2-carbaldehyde 346 (114 mg, 27%); mp 218-220 °C; (Found: M 
218.0358. C 12 1-1 11N05 requires 281.0358); 0H  1.74 (6H, s, 2 x  CH3), 7.36 (1H, d, J5.3, 
thiophene-H), 7.80 (IH, d, J5.3, thiophene-H), 8.62 (IH, d, J 14.0, alkene), 9.83 (1H, 
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s, aldehyde) and 12.85 (114, br d, J 14.0, NH); 5C 27.61 (2 x  CH3), 90.00 (quat), 
105.66 (quat), 118.07, 123.82 (quat), 136.50, 143.39 (quat), 152.14, 163.78 (quat), 
164.14 (quat) and 183.18 (quat); m/z 281 (M, 7%), 223 (42), 151 (46), 85 (65), 71 
(77) and 57 (100). 
FYP 	of 	3-[(2,2-Dimethyl-4,6-dioxo-[1 ,3]dioxan-5-ylidenemethyl)-amino]- 
thiophene-2-carbaldehyde 346: 
FVP of 3-[(2,2-dimethyl-4,6-dioxo-[ I ,3]dioxan-5-ylidenemethyl)-amino]-thiophene-
2-carbaldehyde 346 (m 21 mg, 0.07 mmol; Tf 550 °C; T, 120 °C; P 1 2.1 x 10 2  Torr; t 
8 mm) yielded thieno{3,2-b]pyridine 347 and 4H-thieno[3,2-b]pyridin-7-one 339 in a 
ratio of ]:1 (identified by 'H NMIR spectroscopy). 
FVP of 3-[(2,2-dimethyl-4,6-dioxo-[ 1, 3]dioxan-5-yl idenemethyl)-am ino]-thiophene-
2-carbaldehyde 346 (m 21 mg, 0.07 mmol; T f 850 °C; T 1 130°C; P1 2.3 x 10 2  Torr; t 
7 mm) yielded thieno[3, 2-b]pyridine 347 and 4H-thieno[3,2-b]pyridin-7-one 339 in a 
ratio of 2:1 (identified by 'H NMR spectroscopy). Spectral data for 7H-thieno[2,3-
b]pyridin-4-one 339 as previously reported. 
N 	
The pyrolysate obtained by FVP of 3-[(2,2-dimethyl-4,6-dioxo- 
\ 	
[1 ,3]dioxo-[ 1 ,3]dioxin-5-ylidenemethyl)-amino]-thiophene-2- 
I carbaldehyde 346 (m 61 mg, 0.22 mmol; T f 850 °C; T j 120 °C; P i 
	
S 347 	2.1 x 10 2  Torr; t 10 mm), was washed from the U-tube with ca I 
cm3 of heated CDCI3 to yield thieno[3,2-b]pyridine 347 (17 mg, 57%); bp 145 °C (42 
Torr) [lit., 186  129-131 (16 Torr)]; 6H  7.25 [1H, ddd, J65 4.7J7 , 6 8.2 and J0.4, H(6)], 
7.57 (1 H, dd, J 5.6 and J0.9, thiophene-H), 7.76 (IH, dd, J 5.6 and J 0.4, thiophene-
H), 8.19 [1H, ddd, J7 5  1.5, J7 6  8.2 and J 0.9, H(7)], 8.68 (1H, dd, J5  6  4.7 and J5, 
1.4, H(S)]; öc 118.80, 125.25, 130.73, 130.84, 133.35 (quat), 147.36 and 156.12 
(quat). m/z 135 (Mt, 100%), 134 (33), 112 (20), 99 (20), 73 (29) and 69 (33). 
2,2-Dimethyl-5-(o-tolylaminomethylene)- [1,3] dioxane-4,6-dione 348: 
To a solution of o-toluidine (214 mg, 2 mmol) in 
acetonitrile (2 cm 
3)  was added a solution of MOMMA (XNH 0 	120 (372 mg, 2 mmol) in acetonitrile (2 cm 3) and stirred 
348 
a 	at room temperature for 1 h. The solvent was then 
removed 	to 	yield 	2,2-dimethyl-5-(o- 
0 0--r 
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toly lam inomethylene)-[1,3]dioxane-4,6-dione 348 (517 mg, 98%); mp 119-121 °C 
(lit., 165 125-126 °C) oH 1.76 (6H, s, 2 x  CH3), 2.41 (3H, s, Cl-I3), 7.15-7.32 (4H, m, 4 
Ar-H), 8.65 (1 H, d, J 142, alkene) and 11.44 (1H, br d, NH); 0c  17.71 (CH3), 27.42 
(2 x  CH3), 87.70 (quat), 105.56 (quat), 116.82, 127.18, 128.08, 128.58 (quat), 131.92, 
136.90 (quat), 153.35, 163.98 (quat) and 166.24 (quat); m/z 261 (M, 58%), 203 (95), 
158 (68), 144 (90), 131 (90) and 130 (100). 
8-Methylquinolin-4-one 349: 
0 	The pyrolysate of the FVP of 2,2-dimethyl-5-(o-tolylamino- 
methylene)-[1,3]dioxane-4,6-dione 348 (m 53 mg, 0.20 mmol; Tf 
I 	I 	550 °C; T1 160 °C; P 1.4 x 10 2  Torr; t 6 mm) was washed through 
N with methanol and the solvent removed to yield 8-methylquinolin- 
4-one 349 (22 mg, 69%); 0H  2.49 (3H, s, CH3), 6.11 [1H, d, J3,2 
7.4, H(3)], 7.21 [1H, dd, J6,5  8.1 and J6, 7 7.2, H(6)], 7.47 [1H, dd, J7,5 1.0 and J7, 6 
7.2, H(7)], 7.89 [IH, d, J23 7.4, H(2)] and 7.99 [1H, dd, H(5)] as for lit.; 165  0c  17.65 
(CH3), 109.02, 123.00, 123.20, 126.21 (quat), 126.87 (quat), 132.59, 139.19 (quat), 
140.01 and 177.55 (quat); m/z 173 (M, 100%), 165 (54), 144 (64), 85 (44), 69 (82) 
and 57 (97). 
A similar result was obtained with from the FVP of 2,2-dimethyl-5-(o-tolylamino-
methylene)-[1,3]dioxane-4,6-dione 348 with Tf 850 °C. 
5-I(2,6.-Dimethylphenylamino)-methylenel-2,2-dimethyl-El ,3jdioxane-4,6-dione 
350: 
To a solution of 2,6-dimethylaniline (480 mg, 4 mmol) in 
0 	0 	acetonitrile (3 cm 
3)  was added a solution of MOMMA 120 (740 
mg, 4 mmol) in acetonitrile (4 cm 3) and stirred at room 
0 	
0 temperature for 1 h. The solvent was then removed to yield 5- 
H N 	 [(2, 6-dimethylphenylamino)-methylene]-2, 2-dimethyl- 
[1,3]dioxane-4,6-dione 350 (1.04 g, 97 %); mp 111-113 °C 
I 	(from isopropyl alcohol); (Found: C 65.3; H 6.55; N 5.55. 
350 	C 15H, 7N04 requires C 65.6; H 6.2; N 5.1); 0,-, 1.76 (6H, s, 2 
CH3), 2.71 (6H, s, 2 x  Ar-CH 3) 7.10-7.21 (3H, m, 3 x  Ar-H), 8.18 (1H, d, J 14.9, 
alkene-H) and 10.77 (IH, br-d, J 14.9, NH); Oc  18.74 (2 x  CH3), 27.45 (2 x  CH3), 
86.43 (quat), 105.44 (quat), 128.59, 129.54 (2 x  CH), 133.07 (2 x  quat), 136.84 
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(quat), 160.00, 164.06 (quat) and 166.16 (quat); m/z 275 (M, 10%), 218 (32), 217 
(100), 158 (82), 144 (36) and 122 (29). 
FVP of 5- [(2,6-dimethylphenylamino)-methylene]-2,2-dimethyl-[1 ,3] dioxane-4,6-
dione 350: 
a 	FVP 	of 	5 -[(2,6-dimethylphenylamino)-methylene] -2,2- 
dimethyl-[1,3]dioxane-4,6-dione 350 (241 mg, 0.90 mmol; Tf 
850 °C; Ti 130 °C; P2.8 x 12 Torr, 15 mm) yielded 150 mg 
of crude product which was purified by dry flash 
351 chromatography (increasing concentration from 50% ethyl 
acetate in hexane to pure ethyl acetate) to yield 3,8-dimethylquinolin-4-one 351 (32 
mg, 21%); mp 245-247 °C (lit., 17' 250 °C); oH ([2H6]-DMSO) 2.01 [3H, s, CH3(3)], 
2.47 [3H, s, CH3(8)J, 7.18 [111, dd, J6 , 5 8.0 and J6,7  7.2, H(6)], 7.44 [1H, dd, J7, 5  0.9 
and J7,6 7.2, H(7)], 7.80 [lH, d, J5.6, H(2)], 8.01 [1H, dd, J5, 6 8.0 and J5,7 0.9, H(5)] 
and 10.99 (1H, br d, J 5.6, NH); 0c  13.82 (CH3), 17.48 (CH3), 116.89 (quat), 122.50, 
123.27, 124.51 (quat), 126.30 (quat), 132.02, 136.98, 138.82 (quat) and 177.44 (quat); 
m/z 159 (Mt, 100%), 131 (39), 130 (56), 91(32), 77 (3 1) and 60 (95). 
The column was stripped with methanol to yield 8-methylquinolin-4-one 349 (71 mg, 
50%); Spectra as previously reported. 
1 H NMR spectroscopy showed the crude product mixture to contain a ratio of 78:22 
of 8-methylquinolin-4-one 349 to 3, 8-dimethylquinolin-4-one 351. 
6-Methylpyrrolo[2,1-b] [1,3] thiazin-2-one 358: 
O'z 	 The pyrolysate of the FVP of 2,2-dimethyl-5-[(3- 
methylthiophene-2-ylamino)-methylene-[ 1 ,3]dioxane-4,6-dione 
S 	
274 (m 98 mg, 0.36 mmol; Tf 650 °C; T j 150°C; P2.6 x 10 2 
Torr; t 10 mm) yielded 52 mg of crude product which  was 
358 
purified by column chromatography (50% ethyl acetate in 
hexane) to yield 6-methylpyrrolo[2,]-bJ[1,3]thiazin-2-one 358 (27 mg, 45%); 0H  2.31 
(3H, d, J6', 7  0.9, CH3), 5.80 [1H, d, J3,4 9.0, H(3)], 6.16 [1H, d, J8 7 3.5, H(8)], 6.24 
[IH, dd, J7,6' 0.9 and J7 8 3.5, H(7)] and 7.66 [1H, d, J4 3 9.0, H(4)]; Oc  11.27 (CH 3), 
105.96 [C(3)], 107.16 [C(8)], 112.32 [C(7)], 119.51 [quat, C(9)], 127.45 [quat, C(6)], 
136.21 [C(4)] and 181.08 [quat, C(2)]; m/z 165 (Mt, 100%), 137 (29), 136 (78), 112 





The pyrolysate of the FVP of 2,2-dimethyl-5-[(3-methylthiophene- 
N 2-ylamino)-methylene]-[1,3]dioxane..4,6..dione 274 (m 27 mg, 0.10 
\ 	/ 	
/ 	mmol; T 850°C; T i 160 °C; P4.2 x 10 2  Torr; t 6 mm) was washed 
	
360 	out with methanol, and the solvent removed to yield ca. 10 mg of 
0 product of which the major product was tentatively assigned as 
7H-thieno[2,3-b]pyridin-4-one 360 (ca. 10 mg, 65%); ö ([2H6]-DMSO) 6.66 (IH, d, 
J5.8, pyridone-H), 7.41 (IH, d, J6.0, thiophene-H), 7.58 (IH, d, J6.0, thiophene-H) 
and 8.20 (1 H, d, J5.8, pyridone-H); m/z 151 (M, 100%). 
5- [(2-Acetylphenylamino)-methylenel-2,2-dimethyl-[1 ,3]dioxane-4,6-dione 365: 
N 	
o-Aminoacetophenone 95 (533 mg, 3.95 mmol) and 
MOMMA 120 (756 mg, 4.06 mmol) were dissolved in 
a 	
0 	
acetonitrile (8 cm 3), and stirred at room temperature for 15 
H / o mm. The resulting precipitate was collected to yield 5-[(2- 
N 	 acetylphenylamino)-methylene]-2, 2-dimethyl-[], 3]dioxane- 
/ \ 	
4,6-dione 365 (563 mg, 57%); mp 172-173 °C (from toluene) 
- 	
(Found: C 62.3; H 5.15; N 4.8. C 15H 15N05 requires C 62.2; H 
365 5.25; N 4.8); 6H  1.75 (6H, s, 2 x  Cl-I3), 2.71 (31-I, s, acetyl 
CH3), 7.33 (1H, m, Ar-H), 7.53-7.69 (2H, m, 2 x  Ar-H), 7.98 (1H, m, Ar-H), 8.78 
(I H, d, J 14.3, alkene) and 13.59 (1 H, br d, J 14.3, NH); öc 27.05 (2 x  CH3), 28.16 
(CH3), 89.33 (quat), 104.73 (quat), 116.05, 124.20 (quat), 125.17, 132.06, 134.67, 
139.19 (quat), 150.93, 163.49 (quat), 163.98 (quat) and 200.62 (quat); m/z 289 (Mt , 
16%), 231 (100), 186 (51), 159 (33), 144 (66) and 116(37). 
FVP of 5-[(2-acetylphenylamino)-methylenel-2,2-dimethyl-[1  ,3] dioxane-4,6-dione 
365: 
0 	FVP of 5 -[(2-acetyiphenylam ino)-methylene]-2,2-dimethyl- 
[1,3]dioxane-4,6-dione 365 (m 150 mg, 0.51 mmol; Tf 850 °C; 
Ti 200 °C P 1 2.3 x 10 2  Torr; t 15 mm) yielded 74 mg of 
product. This was purified by dry flash chromatography (50% 
N 	
ethyl acetate in hexane) to yield 4-acetoxyquinoline 366 (20 
366 mg, 21%); bp 157 °C (12 Torr); 6H  2.71 (3H, s, acetyl), 7.23 
[IH, d, J3, 2 4.4, H(3)], 7.56(111, m, Ar-H), 7.71 (1 H, m, Ar-H), 8.00 (1 H, m, Ar-H), 
277 
8.11 (IH, m, Ar- H) and 8.78 [IH, d, J2, 3  4.4, H(2)] as for lit.; 177  c  18.52 (CH3), 
121.71, 123.67, 126.14, 128.13 (quat), 128.97, 129.85, 144.17 (quat), 147.81 (quat) 
and 150.02 (one quat missing, presumed overlap); m/z 187 (M, 7%), 169 (44), 144 
o 	(67), 143 (100), 115 (63) and 89 (33). 
Stripping of the column with methanol yielded quinolin-4-one 325 
(24 mg, 32%). Spectral data as previously reported. 
N 	FVP 	of 	5-[(2-acetylphenylam ino)-methylene]-2,2-dimethyl- 
325 H 
[1,3]dioxane-4,6-dione 365 (m 220 mg, 0.75 mmol; Tf 550 
°C; T1 °C; p 1 x 	Torr, t mm) yielded 103 mg of product, 
which was purified by dry flash chromatography (5% hexane 
- 	N 	in ethyl acetate) to yield 3-acetylquinolin-4-one 230 (27 mg, 
H 19%); Spectral data as previously reported. 
230 
Temperature profile of pyrolysis of 5-[(2-acetylphenylamino)-methylenej-2,2-
dimethyl-[1,3]dioxane-4,6-dione 365: 
The pyrolyses were carried out at the temperatures described in the following table. 
The product was dissolved in [2H6]-DMSO with the following peaks in the 'H NMR 
spectrum of the product mixture used to calculate the product ratio: 4-
acetoxyquinoline 366 {8.76 [1H, d, J23 4.3, H(2)]} quinolin-4-one 325 {6.04 (IH, d, 
2 7.4, H(3)]} and 3-acetylquinolin-4-one 230 12.62 (3H, s, acetyl) and 8.52 [IH, s, 
H(2)]). 
Temperature/°C 550 650 700 750 850 
4-Acetoxyquinoline 366 / % 41 48 95 95 95 
Quinolin-4-one 325 / % 22 14 5 5 5 









C Is- COI\X b 
368 
To a solution of 2-acetyl-3-aminobenzo[b]furan 280 
(1.00 g, 0.57 mmol) in acetonitrile (20 cm) was added a 
solution of MOMMA 120 (1.06 g, 0.61 mmol) in 
acetonitrile (5 cm3) and the mixture was stirred at room 
temperature for 1 h. The precipitate was collected and 
washed with acetonitrile to yield 5-[(2-aceiylbenzofuran- 
3-ylamino)-methylene]-2, 2-dimethyl-[1, 3]dioxane-4 , 6-
dione 368 (1.60 g, 95%); mp 204-206 °C (from 
methanol); (Found: C 62.2; H 4.75; N 4.2. C 17H 15N06 requires C 62.1; H 4.75; N 
4.2); 6H  1.77 (6H, s, 2 x  CH3), 2.66 (3H, s, acetyl), 7.47 (1H, m, Ar-H), 7.59-7.67 
(214, m, 2 x  Ar-H), 7.98 (IH, m, Ar-H), 8.99 (IH, d, J 14.5, alkene) and 12.74 (1H, br 
d, J 14.5, NH); öc 26.47 (CH 3), 27.12(2 x  CH3), 89.79 (quat), 105.17 (quat), 113.37, 
118.83 (quat), 121.55, 124.79, 127.25 (quat), 129.81, 138.82 (quat), 152.15, 153.58 
(quat), 163.31 (quat), 163.76 (quat) and 191.29 (quat); m/z 329 (M, 23%), 271 (80), 
212(84),211 (95), 185(100)and 184(88). 
FYP 	of 	5-[(2-acetyl-benzofuran-3-ylamino)-methylene]-2,2-dimethyl- 
[1,3]dioxane-4,6-dione 368: 
H 	FVP of 5-[(2-acetyl-benzofuran-3 -ylam ino)-methylene]-2,2- 
N 
dimethyl-[1,3]dioxane-4,6-dione 368 (m 248 mg, 0.75 mmol; 
Tf 850 °C; T j 145 °C; P 1.5 x 	Torr; 30 mm) produced 96. 
0 	0 mg of crude product, which was purified by stirring in DCM 
369 (2 cm) for 15 min then collecting the precipitate, to yield 
benzo[4,5]furano[3,2-b]pyridin-4-one 369 (28 mg, 23 %); oH ([2H61-DMSO and one 
drop of TFA) 6.76 (1H, d, J7.0, pyridone-H), 7.45 (1H, ddd, J0.8, 7.1 and 7.9, Ar-
H), 7.64 (1 H, ddd, J 1. 3, 7.1 and 8.4, Ar-H), 7.77 (1 H, dd, J0.8 and 8.4 Ar-H), 8.02 
(JH, dd, J 1.3 and 7.9, Ar-H) and 8.21 (1H, d, J '7.0, pyridine-H) as for lit.; 178 Oc 
([2 H61-DMSO and one drop of TFA) 112.74, 112.99, 118.21 (quat), 121.48, 124.00, 
130.26, 134.29 (quat), 130.03, 141.23 (quat), 155.02 (quat) and 161.48 (quat); m/z 
175 (Mt, 99%), 160 (100), 132 (41), 104 (67), 77 (65) and 51(40). 
279 
FVP 	of 	5-[(2-acetyl-benzofuran-3-ylamino)- 
methylene]-2,2-dimethyl-[1 ,3]dioxane-4,6-dione 368 
0 	
04 
(255 mg, 0.77 mmol; Tf 550°C; T 1 145 °C; P 1.5 
370 0 10 Torr; 30 mm) produced 98 mg of crude product. 
This was dissolved in DCM (10 cm 3),  filtered, and the 
solvent removed from the filtrate to yield 4-acetoxybenzo[4, 5]thieno[3 , 2-bJpyridine 
370 (40 mg, 23%); (Found: M, 227.0852. C 13 149NO3 requires M227.0582); oH 2.33 
(31-1, s, acetyl), 7.08 (114, d, J 5.3, pyridoxy-H), 7.29 (1H, m, Ar-H), 7.40-7.48 (2H, 
m, 2 x  Ar-H), 8.08 (1 H, m, Ar-H), 8.46 (1H, d, J 5.3, pyridoxy-H); 0c  20.70 (CH3), 
112.18, 114.77, 121.22, 122.95 (quat), 123.83, 129.52, 138.35 (quat), 141.55 (quat), 
146.14, 153.86 (quat), 157.26 (quat) and 167.08 (quat); m/z 227 (M, 17%) and 185 
(100). 
5- I(2-Acetylbenzo [b] thiophene-3-ylamino)-methylene]-2,2-dimethyl-[1 ,3]dioxane-
4,6-dione 371: 
To a solution of 2-acetyl-3-aminobenzo[b]thiophene 277 
(0.58 g, 2.0 mmol) dissolved in acetonitrile (20 cm 3)  was 
0 	 added a solution of MOMMA 120 (0.41 g, 2.0 mmol) in 
H / 	0 acetonitrile (20 cm 3) and the solution was stirred at room 
temperature for 30 mm. The solvent was concentrated to 
Ca. 5 cm  and the resulting precipitate was collected to 
CCS\>41®r 	yield 	5-[(2-acetylbenzo[bJthiophene-3-ylamino)- 
371 	 methylene]-2, 2-dimethyl-[1, 3]dioxane-4, 6-dione 	371 
(0.37 mg, 54%); mp 180-182 °C (from isopropyl alcohol); (Found: M 345.0675. 
C 17H 15N05 S requires M 345.0671); OH  1.78 (6H, s, 2 x  CH3), 2.63 (3H, s, acetyl 
CH3), 7.52-7.64 (2H, m, 2 x  Ar-H), 7.90 (1 H, m, Ar-H), 8.08 (1H, m, Ar-H), 8.93 
(I H, d, J 13.4, alkene) and 13.07(1 H, hr d, J 13.4, NH); 5, 27.64 (2 x  CH3), 29.93 
(CH3), 89.58 (quat), 105.52 (quat), 124.01, 124.38, 126.90, 129.27, 131.04 (quat), 
136.37 (quat), 139.58 (quat), 154.00, 163.98 (quat), 164.18 (quat) and 193.36 (quat) 
(One quat missing, presumed overlap); 345 (M t, 7%), 201 (72), 191 (95), 176 (100), 
148 (70) and (121). 
280 
FVP of 5-[(2-acetylbenzo[b] thiophene-3-ylamino)-methylene]-2,2-dimethyl-
[1,3]dioxane-4,6-dione 371: 
FVP of 5-[(2-acetyl-benzo[b]thiophene-3-ylamino)- 
N- 
 methylene]-2,2-dimethyl-[ I ,3]dioxane-4,6-dione 371 
/ 	/ (m 185 mg, 0.56 mmol; Tf 550 °C; T 200 °C; P1.3 x 
- 	S 	O$ 	10.2  Torr; t 20 mm) produced 72 mg of product. This 
372 0 was purified by dry flash chromatography (25% 
hexane in ethyl acetate) to yield 4-acetoxybenzo[4, 5]thieno[3,2-b]pyridine 372 (33 
mg, 24%); (Found: M, 243.0354. C13H9NO2 S requires M 243.0354); 8H  2.53 (3H, s, 
acetyl), 7.41 (IH, d, J 5.3, pyridoxy-H), 7.55-7.66 (2H, m, 2 x  Ar-H), 7.93 (1H, m, 
Ar-H), 8.56 (1H, m, Ar-H) and 8.71 (111, d, J 5.3, pyridoxy-H); 8c 20.98 (CH3), 
133.59, 122.81, 123.13, 125.13, 128.83, 134.49 (quat), 139.30 (quat), 148.01, 152.46 
(quat), 155.13 (quat) and 167.14 (quat) (one quat missing, presumed overlap); m/z 243 
(Mt, 16%) and 201 (100%). 
	
H 	Methanol wash through of the column yielded 
N 
\ 	benzo[4,5]thieno[3,2-b]pyridin-4-one 373 (34 mg, 30%); 
(Found: M, 201.0250. C 11 H7NOS requires M201.0248); 5H 
S 	0 ([2H6]-DMSO) 6.52 (IH, d, J 6.5, pyridine-H), 7.61-7.72 
373 
(21-I, m, 2 x  Ar-H), 8.17 (1H, m, Ar-H), 8.22 (1H, d, J 6.5, 
pyridine-H) and 8.36 (1H, m, Ar-H); 5C  ([2H6]-DMSO) 110.37, 122.40, 123.49, 
124.43, 125.54 (quat), 127.58, 132.73 (quat), 138.51 (quat), 141.09, 144.45 (quat) and 
170.48 (quat); m/z 201 (M, 28%), 177 (31), 155 (35), 142 (30), 91 (100) and 65 (28). 





S 374 0 
To a solution of 2-acetyl-3-aminothiophene 246 (446 mg, 3.2 
mmol) and MOMMA 120 dissolved in acetonitrile (20 cm 3) and 
the solution stirred at room temperature for 15 mm. The 
resulting precipitate was. collected and identified as 5-[(2- 
acetylthiophene-3-ylamino)-methylene]-2, 2-dimethyl- 
[1,3]dioxane-4,6-dione 374 (204 mg, 32%); mp 220-222 °C; 
(Found: M 295.0516. C 13H 13N05 S requires M295.0516); oH 
1.72 (6H, s, 2 x  CH3), 2.54 (3H, s, acetyl), 7.33 (IH, d, J5.4, 
thiophene-H), 7.60 (1H, d, J5.4, thiophene-H), 8.58 (1H, d, J 14.4, alkene) and 13.16 
281 
(I H, br d, J 14.4, NH); öc 27.04 (2 x  CH3), 28.72 (CH 3), 89.05 (quat), 104.91 (quat), 
117.23, 122.23 (quat), 132.18, 142.96 (quat), 151.48, 163.36 (quat), 163.54 (quat) and 
1191.69 (quat); m/z 295 (M, 43%), 239 (90), 237 (100), 150 (99), 70 (76) and 57 
(91). 
FVP of 5- [(2-acetylthiophene-3-ylamino)-methylene]-2,2-dimethyl- 11 ,3ldioxane-
4,6-dione 374: 
H 	FVP of 5-[(2-acetylthiophene-3-ylamino)-methylene]-2,2-dimethyl- 
N 
\ 	
[1,3]dioxane-4,6-dione 374 (Tf 550°C; T1 195 °C; P 1.1 x 12 Torr; 
C
S 	
t 15 mm) produced a mixture of thieno[3,2-b]pyridin-7(41])one 339 
339 
0 and 6-acetyl-41-1-thieno[3,2-b]pyridin-7-one 375 in a ratio of 2:1 
measured by 'H NMR spectroscopy, by comparison with literature 
data. 179  4H-Thieno[3,2-b]pyridin-7-one 339 was consistent with data reported above. 
6-Acetyl-4H-thieno[3,2-b]pyridin-7-one 375 
H DMSO) 2.74 (3H, s, acetyl), 7.32 (1 H, d, J 5.4, thiophene-H), 
8.09 (1H, d, J5.4, thiophene-H) and 8.46 [1 H, s, H(5)]. 
so 	
0 FVP of 5-[(2-acetylthiophene-3-ylamino)-methylene] -2,2- 
	
3750 	dimethyl-[1,3]dioxane-4,6-dione 374 (Tf 850 °C; T 1 195 °C; P 1 
2.1 x 2 Torr, t 15 mm) produced a mixture of thieno[3,2-b]pyridin-7(4H)one 339 
and 6-acetyl-4H-thieno[3,2-b]pyridin-7-one 375 in a ratio of 92:8 measured by 'H 
NMR spectroscopy, by comparison with literature 179  
FVP of 4-Acetoxyquinoline 366: 
The pyrolysate of the FVP of 4-acetoxyquinoline 366 (m 23 mg, 0.12 mmol; Tf 550 
°C; T 1 110°C; P 1.4 x 102 Torr, t 10 mm) was washed through with methanol and the 
solvent removed to yield 4-acetoxyquinoline 366 (11 mg, 48%); spectra as previously 
reported. 
Methyl-2-(methoxymethylene)acetoacetate 380: 
0 	Trimethyl orthoformate (26.4 g, 0.25 mol), methyl acetoacetate 
—0 	 (29.8 g, 0.26 mol) and acetic anhydride (51.9 g, 0.44 mol) were 
- 	heated under reflux together for 90 mm, and methyl 2- 
0 	
0\ (methoxymethylene)acetoacetate 380 was isolated by 
380 
282 
distillation, with E and Z isomers formed in equal amounts (7.65 g, 19%); bp 147 °C 
(33 Torr) [lit.,' 80 150 °C (16 Torr)]; 8H  2.31 (3H, s, CH3CO), 2.35 (3H, s, CH 3CO), 
3.72 (3H, s, COOCH 3), 3.76 (3H, s, ester COOCH 3), 3.97 (3H, s, MeO), 3.99 (31-1, s, 
MeO), 7.51 (IH, s, alkene) and 7.55 (1H, s, alkene); 6 c 28.55 (CH3), 31.45 (CH3), 
51.57 (CH3), 51.64 (CH3), 63.44 (CH 3), 63.55 (CH3), 113.19 (quat), 113.90 (quat), 
165.33 (quat), 165.50, 165.75 (quat), 166.65, 195.00 (quat) and 194.49 (quat). 
Methyl 2-(N-phenylaminomethyleneacetoacetate) 379: 
To 	a 	cooled 	solution 	of 	methyl 	2- 
0 	
(methoxymethylene)acetoacetate 379 
(4.5 g, 28.5 
	
N 	o mmol) in chloroform (60 cm 3)  was slowly added 
H I aniline 10 (5.6 g, 61 mmol). The mixture was allowed 
3790 to stand at room temperature for 30 mm, washed with 
hydrochloric acid (5%, 100 cm 3),  followed by saturated NaHCO3 solution and the 
solvent removed by rotary evaporation. The resulting solid was recrystallised from 
ethanol to yield methyl 2-(N-phenylaminomethyleneacetoacetate) 379 (3.98 g, 63%); 
mp 82-84 °C (from ethanol) (lit.,' 8 ' 82-83.5 °C); oH 2.56 (3H, s, COCH3), 3.79 (31-1, 
s, COCH3), 7.18-7.23 (3H, m, 3 x  Ar-H), 7.37-7.43 (2H, m, 2 x  Ar-H), 8.51 (1H, d, J 
13.2, alkene) and 12.80 (1 H, br d, J 13.2, NH); 0H  31.00 (CH3), 51.05 (CH3), 102.21 
(quat), 117.66 (2 x  CH), 125.50, 129.73 (2 x  CH), 138.89 (quat), 151.92, 167.19 
(quat) and 200.08; ,n/z 219 (Mt, 87%), 172 (40), 159 (100), 144 (52), 117 (23) and 
104 (26). 
Temperature 	profile 	of 	pyrolysis 	of 	methyl-2-(N- 
phenylaminomethyleneacetoacetate) 379: 
Pyrolyses of methyl-2-(N-phenylaminomethyleneacetoacetate) 379 were carried out 
(typically m 30 mg, 0.14 mmol; Ti 90 °C; P 1.3 x 10 2  Torr; t 5 mm) at the 
temperatures described in the following table. The product was dissolved in [ 2T46] 
DMSO with the following peaks in the 'H NMR spectrum of the product mixture used 
to calculate the product ratio: methyl 2-(N-phenylaminomethyleneacetoacetate) 379 
[3.99 (3H, s, COCH3)], qumnolin-4-one 325 {6.04 (1H, d, J3,2  7.4, H(3)j} and 3-
acetylquinolin-4-one 230 {2.62 (3H, s, acetyl) and 8.52 [1H, s, H(2)]}. 
283 
Temperature/°C 450 550 650 750 850 
Methyl-2-(N- 
phenylaminomethyleneacetoacetate) 379 / % 
20 1 0 0 0 
Quinolin-4-one325/% 1 15 22 30 54 
3-Acetylquinolin-4-one 230 / % 80 84 78 70 46 
3-Acetylquinolin-4-one 230: 
o 	FVP of methyl 2-(N-phenylaminomethyleneacetoacetate) 
it JJ 	379 (m 592 mg, 2.70 mmol; Tf 550 °C; T1 110 °C; P 1.4 x 
(X, 
 
10-2 Torr; t 35 mm). The resulting product was recrystallised 
from acetone to yield 3-acetylquinolin-4-one 230 (178 mg, 
H 
230 	
33%); spectral data as previously reported. 
FYP of 3-acetylquinolin-4-one 230: 
FVP of 3-acetylquinolin-4-one 230 (m 30 mg, 0.16 mmol; T f 650 °C; T1 125 °C; P 
2.0 x 10 2  Torr; t 10 mm) yielded only recovered 3-acetylquinolin-4-one 230 (ca. 10 
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Appendix I: Crystal Structure Data for Dimethyl 2-(3-oxo-1,3-dihydro-indol-2- 
ylidene)-succinate 
Bond lengths [A] and angles (deg) for 2-(3-oxo-1 ,3-dihydro-indol-2-ylidene)-
succinate 149 
011 










N(1)-C(2) 1.371(3) C(2)-N(1)-H(1) 
N( I )-C(7a) 1.395(3) C(7a)-N( 1 )-H(1) 
N(1)-H(1) 0.900 N(1)-C(2)-C(3) 
C(2)-C(3) 1.520(4) N(1)-C(2)-C(8) 
C(2)-C(8) 1.356(3) C(3)-C(2)-C(8) 
0(3)-C(3) 1.220(3) C(2)-C(3)-0(3) 
C(3)-C(3a) 1.451(4) C(2)-C(3)-C(3a) 
C(4)-C(5) 1.378(4) 0(3)-C(3)-C(3a) 
C(4)-C(3a) 1.393(4) C(5)-C(4)-C(3a) 
C(4)-H(4) 1.000 C(5)-C(4)-H(4) 
C(5)-C(6) 1.389(4) C(3a)-C(4)-H(4) 
C(5)-H(5) 1.000 C(4)-C(5)-C(6) 
C(6)-C(7) 1.390(4) C(4)-C(5)-H(5) 
C(6)-H(6) 1.000 C(6)-C(5)-H(5) 
C(7)-C(7a) 1.385(4) C(5)-C(6)-C(7) 
C(7)-H(7) 1.000 C(5)-C(6)-H(6) 
C(8)-C(9) 1.500(4) C(7)-C(6)-H(6) 
C(8)-C( 13) 1.472(4) C(6)-C(7)-C(7a) 
C(9)-C( 10) 1.497(4) C(6)-C(7)-H(7) 
C(9)-H(91) 1.000 C(7a)-C(7)-H(7) 
C(9)-H(92) 1.000 C(2)-C(8)-C(9) 
0(1 0)-C( 10) 1.196(3) C(2)-C(8)-C( 13) 

























C(10)-0(1 1) 1.337(3) 
0(1 1)-C(12) 1.446(3) 
C(12)-H(121) 1.000 
C(12)-H(122) 1.000 
C(1 2)-H( 123) 1.000 
0(13)-C(13) 1.206(3) 
C(13)-0(14) 1.351(3) 
0(14)-C(1 5) 1.444(3) 
C(15)-H(151) 1.000 





C(I 0)-C(9)-H(91) 108.246 
C(8)-C(9)-H(92) 108.287 
C(10)-C(9)-H(92) 108.273 
H(9 I)-C(9)-H(92) 109.471 
C(9)-C(1 0)-0(10) 126.6(3) 
C(9)-C(10)-O(1 1) 109.5(2) 
O(10)-C(10)-O(1 1) 123.9(3) 
C(10)-0(1 1)-C(12) 117.1(2) 
O(11)-C(12)-H(121) 109.472 
0(1 1)-C(12)-H(122) 109.499 
H(121)-C(12)-H(122) 109.442 
0(1 1)-C(12)-H(123) 109.498 
H(121)-C(12)-H(123) 109.442 
H(122)-C(12)-H(123) 109.473 
C(8)-C(1 3)-0(13) 125.9(2) 
C(8)-C(1 3)-0(14) 111.8(2) 
0(13)-C(13)-0(14) 122.3(3) 














Appendix II: Crystal Structure Data for 3-MethylisoxazoloF3,4-bIpyridine 




IC3 C5  
)~J'j 
002 
C6  N C7a 
N7 	Ni 
N(1)-0(2) 1.405(3) N(1)-0(2)-C(3) 111.46(15) 
N(1)-C(7a) 1.329(3) N(1)-C(7a)-C(3a) 112.41(19) 
0(2)-C(3) 1.348(2) N( 1 )-C(7a)-N(7) 122.87(18) 
C(3)-C(3 1) 1.470(3) 0(2)-N( I )-C(7a) 103.48(16) 
C(3)-C(3a) 1.371(3) 0(2)-C(3)-C(3 1) 117.90(19) 
C(3a)-C(4) 1.416(3) 0(2)-C(3)-C(3a) 107.89(18) 
C(3a)-C(7a) 1.418(3) C(3)-C(3a)-C(4) 136.29(19) 
C(4)-C(5) 1.352(3) C(3)-C(3a)-C(7a) 104.76(19) 
C(5)-C(6) 1.431(3) C(31)-C(3)-C(3a) 134.2(2) 
C(6)-N(7) 1.311(3) C(3a)-C(4)-C(5) 116.56(19) 
N(7)-C(7a) 1.373(3) C(3a)-C(7a)-N(7) 124.72(19) 





Appendix III: Crystal Structure Data for 4-Acetyltetrazolo[1g5-alciuinoline 
Bond lengths [A] and angles (deg) for 4-acetyltetrazolo[1,5-a]quinoline 197 
010 






C9 N9b' 	/ 
Ni N2 
N(1)-N(2) 1.3016(17) C(1)-C(2)-H(2 1) 109.5 
N( I )-N(9b) 1.3564(16) C(1 )-C(2)-H(22) 109.5 
C(1)-0(1) 1.2137(18) H(21)-C(2)-H(22) 109.5 
C( I )-C(2) 1.498(2) C( I )-C(2)-H(23) 109.5 
C(1)-C(4) 1.502(2) H(21)-C(2)-H(23) 109.5 
N(2)-N(3) 1 .3527(18) H(22)-C(2)-H(23) 109.5 
C(2)-H(2 1) 0.9600 0(1 )-C(1 )-C(2) 121.54(14) 
C(2)-1-1(22) 0.9600 0(1 )-C( I )-C(4) 119.42(13) 
C(2)-H(23) 0.9600 C(2)-C( 1 )-C(4) 119.03(13) 
N(3)-C(3a) 1.3284(18) C(5)-C(4)-C(3a) 117.21(13) 
C(3a)-C(4) 1.4395(19) C(5)-C(4)-C( l) 119.59(13) 
C(3a)-N(9b) 1.3584(18) C(3a)-C(4)-C( 1) 123.18(12) 
C(4)-C(5) 1.361(2) C(4)-C(5)-C(5a) 122.70(13) 
C(5)-C(5a) 1.435(2) C(4)-C(5)-H(5) 118.7 
C(5)-H(5) .0.9300 C(4)-C(3)-H(3) 118.6 
C(5a)-C(9a) 1.406(2) C(9a)-C(5a)-C(6) 117.79(13) 
C(5a)-C(6) 1.409(2) C(9a)-C(5a)-C(5) 119.89(13) 
C(6)-C(7) 1.377(2) C(6)-C(5a)-C(5) 122.32(13) 
C(6)-H(6) 0.9300 C(7)-C(6)-C(5a) 120.19(14) 
C(7)-C(8) 1.397(2) C(7)-C(6)-H(6) 119.9 
C(7)-H(7) 0.9300 C(5a)-C(6)-H(6) 119.9 
C(8)-C(9) 1.380(2) C(6)-C(7)-C(8) 120.54(14) 
C(8)-H(8) 0.9300 C(6)-C(7)-H(7) 119.7 
C(9)-C(9a) 1.395(2) C(8)-C(7)-H(7) 119.7 
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C(9)-H(9) 	0.9300 	 C(9)-C(8)-C(7) 121.17(14) 















N(1 3)-C(3a)-C(4) 133.00(13) 
N(9b)-C(3a)-C(4) 119.08(12) 
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Appendix IV: Crystal Structure Data for Dimethyl 2-[6-oxo-4,6- 
dihydrothieno F3,2-bl pyrrol-(5Z)-ylidenel-succinate 
Bond lengths [A] and angles (deg) for dimethyl 2-[6-oxo-4,6-dihydrothieno[3,2-
b]pyrrol-(5Z)-ytidene]-succinate 253 
' do 
080 09 I 




Si C14 06 
S(1)-C(2) 1.714(3) C(2)-S(1)-C(6a) 90.34(14) 
S(1)-C(6a) 1.725(3) C(3)-C(2)-S(1) 114.0(2) 
C(2)-C(3) 1.368(4) C(3)-C(2)-H(2) 123.0 
C(2)-H(2) 0.9500 S(1)-C(2)-H(2) 123.0 
C(3)-C(3a) 1.406(4) C(2)-C(3)-C(3a) 110.6(3) 
C(3)-H(3) 0.9500 C(2)-C(3)-H(3) 124.7 
C(3a)-N(4) 1.369(4) C(3a)-C(3)-H(3) 124.7 
C(3a)-C(6a) 1.380(4) N(4)-C(3a)-C(6a) 111.2(2) 
C(6)-C(6a) 1.420(4) N(4)-C(3a)-C(3) 135.3(3) 
C(6)-0(6) 1.235(3) C(6a)-C(3a)-C(3) 113.5(3) 
C(6)-C(5) 1.549(4) C(3a)-C(6a)-C(6) 109.1(3) 
C(5)-C(7) 1.348(4) C(4a)-C(6a)-S(1) 111.5(2) 
C(5)-N(4) 1.387(3) C(6)-C(6a)-S( 1) 139.3(2) 
N(4)-H(4) 0.8800 0(6)-C(6)-C(6a) 130.5(3) 
C(7)-C(8) 1.48 1(4) 0(6)-C(6)-C(5) 125.4(3) 
C(7)-Q] 1) 1.502(4) C(6a)-C(6)-C(5) 104.1(2) 
C(8)-0(8) 1.214(3) C(7)-C(5)-N(4) 126.2(3) 
C(8)-0(9) 1.335(3) C(7)-C(5)-C(6) 128.2(2) 
O(9)-C(10) 1.448(3) N(4)-C(5)-C(6) 105.6(2) 
C( I 0)-H( 101) 0.9800 C(3a)-N(4)-C(5) 109.9(2) 
C(10)-H(102) 0.9800 C(3a)-N(4)-H(4) 125.0 
C( I 0)-H( 103) 0.9800 C(5)-N(4)-H(4) 125.0 
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C(1 I)-C(12) 1.508(4) C(5)-C(7)-C(8) 119.4(2) 
C(1 1)-H(101) 0.9900 C(5)-C(7)-C(1 1) 122.8(3) 
C(1 1)-H(102) 0.9900 C(8)-C(7)-C(1 1) 117.9(3) 
C( I 2)-0( 12) 1.198(3) 0(8)-C(8)-0(9) 122.9(3) 
C( I 2)-0( 13) 1.349(3) 0(8)-C(8)-C(7) 124.7(3) 
0(1 3)-C( 14) 1.446(3) 0(9)-C(8)-C(7) 112.4(2) 
C(1 4)-H(1 41) 0.9800 C(8)-0(9)-C(10) 115.3(2) 
C(1 4)-H(1 42) 0.9800 0(9)-C(1 0)-H(1 01) 109.5 





















S(A I )-C(A6a) 1.718(3) C(A6a)-S(A I)-C(A2) 89.79(14) 
S(A1)-C(A2) 1.727(3) C(A3)-C(A2)-S(A1) 114.3(2) 
C(A2)-C(A3) 1.360(4) C(A3)-C(A2)-H(A2) 122.9 
C(A2)-H(A2) 0.9500 S(A 1 )-C(A2)-H(A2) 122.9 
302 
C(A3)-C(A3a) 1.401(4) C(A2)-C(A3)-C(A3a) 110.1(3) 
C(A3)-H(A3) 0.9500 C(A2)-C(A3)-H(A3) 125.0 
C(A4a)-C(A7a) 1.373(4) C(A3a)-C(A3)-H(A3) 125.0 
C(A3a)-N(A4) 1.387(3) C(A6a)-C(A3a)-N(A4) 111.0(2) 
C(A6a)-C(A6) 1.432(4) C(A6a)-C(A3a)-C(A3) 114.2(3) 
C(A6)-O(A6) 1.230(3) N(A4)-C(A3a)-C(A3) 134.8(3) 
C(A6)-C(A5) 1.539(4) C(A3a)-C(A6a)-C(A6) 109.4(2) 
C(A5)-C(A7) 1.349(4) C(A3a)-C(Aa)-S(A1) 111.64(19) 
C(A5)-N(A4) 1.382(3) C(A6)-C(A6a)-S(A1) 138.7(2) 
N(A4)-H(A4) 0.8800 O(A6)-C(A6)-C(A6a) 131.5(3) 
C(A7)-C(A8) 1.474(4) O(A6)-C(A6)-C(A5) 124.9(2) 
C(A7)-C(A1 1) 1.505(3) C(A6a)-C(A6)-C(A5) 103.6(2) 
C(A1 1)-C(Al2) 1.501(4) C(A7)-C(A5)-N(A8) 127.3(2) 
C(A1 1)-H(A1 11) 0.9900 C(A7)-C(A5)-C(A6) 125.9(2) 
C(A1 1)-H(A1 12) 0.9900 N(A4)-C(A5)-C(A6) 106.7(2) 
C(A 1 2)-O(A1 2) 1.206(3) C(A5)-N(A4)-C(A3a) 109.3(2) 
C(Al2)-O(A13) 1.340(3) C(A5)-N(A4)-H(A4) 125.4 
O(A I 3)-C(A 14) 1.442(4) C(A3a)-N(A4)-H(A4) 125.4 
C(A14)-H(A141) 0.9800 C(A5)-C(A7)-C(A8) 118.9(2) 
C(A14)-H(A142) 0.9800 C(A5)-C(A7)-C(A 11) 122.2(2) 
C(A14)-H(A142) 0.9800 C(A8)-C(A7)-C(A 11) 118.9(2) 
C(A8)-O(A9) 1.218(3) C(A7)-C(A1 1)-C(Al2) 112.9(2) 
C(A8)-O(A10) 1.341(3) C(A7)-C(A 1 1)-H(A 111) 109.0 
O(A9)-C(A10) 1.456(3) C(A7)-C(A11)-H(A112) 109.0 
C(A10)-H(A101) 0.9800 C(Al2)-C(A11)-H(A111) 109.0 
C(A10)-H(A102) 0.9800 C(Al2)-C(A1 1)-H(A1 12) 109.0 
C(A10)-H(A103) 0.9800 H(A111)-C(A11)-H(A1 12) 107.8 
O(Al2)-C(Al2)-O(A13) 122.5(3) 
O(Al2)-C(Al2)-C(A1 1) 126.5(2) 













O(A9)-C(A 1 0)-H(A 101) 109.5 




H(A102)-C(A1 0)-11-I(A 103) 109.5 
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Appendix V: Crystal Structure Data for 2-Acetyl-3-aminobenzolbIthiophene 
Bond lengths [A] and angles (deg) for 2-acetyl-3-aminobenzo[b]thiophene 277 
C4 	NH2 	C9 C3a 	C3 
C5 C8 
C6 C7a S C2\\ 
C7 	Si 	09 
S(1 )-C(7a) 1.7353(15) C(5)-C(4)-C(3a) 118.93(15) 
S( I )-C(7a) 1 .7548(14) C(9)-C(8)-0(8) 120.08(15) 
C(2)-C(8) 1.434(2) C(9)-C(8)-C(2) 119.26(14) 
C(2)-C(3) 1.387(2) 0(8)-C(8)-C(2) 120.65(14) 
C(3)-C(3a) 1.445(2) C(7a)-S(1)-C(2) 91.03(7) 
C(3)-N(3) 1.351(2) C(8)-C(2)-C(3) 125.51(13) 
N(3)-H(3 1) 0.900 C(8)-C(2)-S(1) 121.98(11) 
N(3)-H(32) 0.900 C(3)-C(2)-S(1) 112.52(11) 
C(3a)-C(4) 1.399(2) C(3a)-C(3)-N(3) 123.17(14) 
C(3a)-C(7a) 1.407(2) C(3a)-C(3)-C(2) 112.16(13) 
C(7a)-C(7) 1.398(2) N(3)-C(3)-C(2) 124.66(14) 
C(7)-H(7) 1.000 H(3 I)-N(3)-H(32) 120.000 
C(6)-C(7) 1.382(3) H(3 I)-N(3)-C(3) 120.000 
C(6)-H(6) 1:000 H(32)-N(3)-C(3) 120.000 
C(6)-C(5) 1.398(3) C(4)-C(3a)-C(7a) 119.66(14) 
C(S)-H(S) 1.000 C(4)-C(3a)-C(3) 128.56(14) 
C(5)-C(4) 1.383(2) C(7a)-C(3a)-C(3) 111.77(13) 
C(4)-H(4) 1.000 C(7)-C(7a)-S(1) 126.20(13) 
C(8)-C(9) 1.504(2) C(7)-C(7a)-C(3a) 121.27(15) 
C(9)-0(9) 1.242(2) S(1)-C(7a)-C(3a) 112.53(11) 
C(9)-H(91) 1.000 H(7)-C(7)-C(6) 121.009 
C(9)-H(92) 1.000 H(7)-C(7)-C(7a) 121.009 
















S(A 1 )-C(A7a) 1.7300(16) C(A7a)-S(A I )-C(A2) 91.10(7) 
S(A1 )-C(A2) 1.7581(15) C(A8)-C(A2)-C(A3) 125.96(14) 
C(A2)-C(A8) 1.430(2) C(A8)-C(A2)-S(A1) 121.69(12) 
C(A2)-C(A3) 1.390(2) C(A3)-C(A2)-S(A1) 112.32(11) 
C(A3)-C(A3a) 1.447(2) C(A3a)-C(A3)-N(A3) 123.13(14) 
C(A3)-N(A3) 1.346(2) C(A3a)-C(A3)-C(A2) 112.08(13) 
N(A3)-H(A3 1) 0.900 N(A3)-C(A3)-C(A2) 124.76(14) 
N(A3)-H(A32) 0.900 H(A3 1)-N(A3)-H(A32) 120.000 
C(A3a)-C(A4) 1.399(2) H(A3 1)-N(A3)-C(A32) 120.000 
C(A3a)-C(A7a) 1.406(2) H(A32)-N(A3)-C(A32) 120.000 
C(A7a)-C(A7) 1.398(2) C(A4)-C(A3a)-C(A7a) 119.34(14) 
C(A7)-H(A7) 1.000 C(A4)-C(A3a)-C(A3) 128.91(14) 
C(A7)-C(A6) 1.380(3) C(A7a)-C(A3a)-C(A3) 111.73(14) 
C(A6)-H(A6) 1.000 C(A7)-C(A7a)-S(A1) 126.28(13) 
C(A6)-C(A5) 1.397(3) C(A7)-C(A7a)-C(A3a) 120.99(15) 
C(A5)-H(A5) 1.000 S(A1)-C(A7a)-C(A3a) 112.73(11) 
C(A5)-C(A4) 1.384(2) H(A7)-C(A7)-C(A 16) 120.773 
C(A4)-H(A4) 1.000 H(H7)-C(A7)-C(A7a) 120.773 
C(A8)-C(A9) 1.505(3) C(A6)-C(A6)-C(A5) 118.45(15) 
C(A8)-O(A9) 1.247(2) H(A6)-C(A6)-C(A5) 119.318 
C(A9)-H(A91) 1.000 H(A6)-C(A6)-C(A7) 119.318 
C(A9)-H(A92) 1.000 C(A5)-C(A6)-C(A7) 121.36(15) 












H(A92)-C(A9)-H(A9 1) 109.476 
H(A9 I )-C(A9)-C(A92) 109.466 
H(A9 1 )-C(A9)-C(A93) 109.467 
H(A92)-C(A9)-C(A93) 109.467 
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Appendix VI: Crystal Structure Data for 2-Acetyl-3-Azidobenzolblthiophene 






C4 Ma ' C3 	C9 
C5 - 
C6 	 C2 
7 	
0 
7a Si 	08 
C(9)-C(8) 1.4958(18) C(8)-C(9)-H(91) 
C(9)-H(91) 0.980 C(8)-C(9)-H(92) 
C(9)-H(92) 0.980 H(91)-C(9)-H(92) 
C(9)-H(93) 0.980 C(8)-C(9)-H(93) 
C(8)-0(8) 1.2278(15) H(91)-C(9)-H(93) 
C(8)-C(2) 1.4707(16) H(92)-C(9)-H(93) 
C(2)-S(1) 1.7399(12) C(9)-C(8)-0(8) 
C(2)-C(3) 1.3761(15) C(2)-C(8)-C(9) 
S( I )-C(7a) 1.7281(12) 0(8)-C(8)-C(2) 
C(3)-N(31) 1.4078(14) C(8)-C(2)-S(1) 
C(3)-C(3a) 1.4456(15) C(3)-C(2)-C(8) 
N(3 I)-N(32) 1.2425(13) S( 1 )-C(2)-C(3) 
N(32)-N(33) 1.1284(14) C(2)-S( 1 )-C(7a) 
C(3a)-C(7a) 1.4122(15) C(2)-C(3)-N(3 1) 
C(3a)-C(4) 1.4045(15) C(2)-C(3)-C(5a) 
C(7a)-C(7) 1.4003(16) N(3 1)-C(3)-C(3a) 
C(7)-C(6) 1.3754(17) C(3)-N(31)-N(32) 
C(7)-H(7) 0.950 N(3 I)-N(32)-N(33) 
C(6)-C(5) 1.4020(18) C(3)-C(3a)-C(7a) 
C(6)-H(6) 0.950 C(3)-C(3a)-C(4) 
C(5)-C(4) 1.3796(16) C(4)-C(3a)-C(7a) 
C(S)-H(S) 0.950 C(3a)-C(7a)-S(1) 
C(4)-H(4) 0.950 C(3a)-C(7a)-C(7) 







































C(A9)-C(A8) 1.4988(17) C(A3)-C(A3a)-C(A7a) 110.63(10) 
C(A9)-H(A9 1) 0.980 C(A3)-C(A3a)-C(A4) 130.59(10) 
C(A9)-H(A92) 0.980 C(A8)-C(A9)-H(A9 1) 109.467 
C(A9)-H(A93) 0.980 C(A8)-C(A9)-H(A92) 109.467 
C(A8)-O(A8) 1.2220(15) H(A91)-C(A9)-H(A92) 109.476 
C(A3)-C(A8) 1.4772(16) C(A8)-C(A9)-H(A93) 109.467 
C(A2)-S(A1) 1.7412(11) H(A91)-C(A9)-H(A93) 109.476 
C(A2)-C(A3) 1.3780(15) H(A92)-C(A9)-H(A93) 109.476 
S(A 1 )-C(A7a) 1.7274(12) C(A9)-C(A8)-O(A8) 121.36(11) 
C(A3)-N(A31) 1.4060(14) C(A9)-C(A8)-C(A2) 119.97(10) 
C(A3)-C(A3a) 1.4424(15) O(A8)-C(A8)-C(A2) 118.66(11) 
N(A3 I)-N(A32) 1.2397(14) C(A8)-C(A2)-S(A 1) 115.91(8) 
N(A32)-N(A33) 1.1293(15) C(A8)-C(A2)-C(A3) 131.88(10) 
C(A3a)-C(A7a) 1.4139(15) S(A1 )-C(A2)-C(A3) 112.21(8) 
C(A3a)-C(A4) 1.4079(15) C(A2)-S(A 1 )-C(A7a) 91.42(5) 
C(A7a)-C(A7) 1.4006(15) C(A2)-C(A3)-N(A31) 119.64(10) 
C(A7)-C(A6) 1.3731(18) C(A2)-C(A3)-C(A3a) 113.15(9) 
C(A7)-H(A7) 0.950 N(A3 1 )-C(A3)-C(A3a) 127.19(10) 
C(A6)-C(A5) 1.4011(17) C(A3)-N(A31)-N(A32) 119.69(10) 
C(A6)-H(A6) 0.950 N(A3 I )-N(A32)-N(A33) 169.21(12) 
C(A5)-C(A4) 1.3793(16) C(A7a)-C(A3a)-C(A4) 118.77(10) 
C(A5)-H(A5) 0.950 C(A3a)-C(A7a)-S(A1) 112.58(8) 
C(A4)-H(A4) 0.950 C(A3a)-C(A7a)-C(A7) 121.49(11) 















Appendix VII: (DJM)-INEPT-INADEOUATE Spectral Examples for 6- 
MethylpyrroloF2,1-bl F1,3lthiazin-2-one 
oY 
Y~ - D/ 
358 
To identify and characterise 358, a (DJM)-INEPT-INADEQUATE NMR experiment 
was carried out. This experiment produces a 2D NMR plot, as shown in Figure 14. 
The X-axis shows 'H chemical shift to which a non-quaternary carbon is associated 
with, whilst the Y-axis shows a scale based on 13C chemical shift. The cross peaks 
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Figure 14: (DJM)-IINEPT-INADEQUATE plot of 358 
From this spectrum, F, traces can be obtained for the chemical shifts corresponding to 
the proton signals, as shown in Figure 15 for the signal from ö 6.24. 
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Figure 15: F1 trace of(DJM)-INEPT-INADEQUATE of 358 at 6 6.24. 
This spectrum shows that coupling to four different carbons occurs, at 6 99.3, 119.7, 
128.7 and 163.5. As can be seen, these peaks take on two different 'shapes', which 
gives information on the type of interaction observed. The approximate triplets at 6 
99.3 and 119.7 show carbon to carbon interactions of one bond distance, whilst the 
approximate singlets at 6 128.7 and 163.5 show carbon to carbon interactions of more 
than one bond distance. 
Using these data, the identity of the carbon which is showing interactions to the 
carbon being analysed could be calculated. From the width of the scan (in this 
experiment 6 240), was subtracted the chemical shift of the carbon being investigated 
(for this example 6 112.3). To this value, the difference between either 120 or 280 and 
the chemical shift of the peak measured from the F1 trace is subtracted, to give a value 
which corresponds to the chemical shift observed by ' 3C NMR spectroscopy. Using 
this method, the peaks for the carbon at 6 112.3 give the following correlations: 
240— 112.3—(120-99.3)= 107.4 
240— 112.3—(120-119.7)= 127.4 
240— 112.3— (120— 128.7) = 136.4 
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240-112.3-(280-163.5)= 11.2 
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